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HOW TO USE THIS BOOK 



1 his book is your desktop technical advisor for the 
earliest stages of building design. It reduces complex 
engineering and building code information to simple 
formal and spatial approximations that are readily incor- 
porated into design explorations. If you are not familiar 
with this book, below is a recommended pathway for 
completing the preliminary design of your building. For 
more detailed guidance on how to use the information in 
this book, see the full example beginning on page 473. 
Alternatively, information in this book may be accessed 



in any sequence that fits your particular needs or 
approach to designing buildings. To jump to any major 
topic, use the quick index that appears on the inside 
cover. From within any particular section, you may also 
follow the many cross references to related information 
in other parts. In the end, we hope this becomes your 
personalized handbook, an essential reference for 
your way of creating buildings. 



Step 1 : Determine your building code and occupancy. 

Starting on page 5, determine what model 
building code to use for your project and what 
Occupancy Classifications apply to the planned 
activities within your building. These pieces of 
information are your key to unlocking informa- 
tion throughout other sections of this book. 

Step 2: Find what types of construction are permit- 
ted for your project. Based on the information 
determined in Step 1 , consult the Height and 
Area Tables that begin on page 385 to deter- 
mine what code-defined Construction Types are 
permitted for a building of your size and use. 

Step 3: Complete a preliminary structural design. 
Review possible structural systems for your 
project, beginning on page 24, and consider 
approaches to the overall configuration of such 
systems, beginning on page 39. Once you have 
settled on a system for further study, you can 
complete a preliminary structural layout and 
assign approximate sizes to the system’s major 
elements using the information beginning on 
page 55. 

Step 4: Consider using daylighting. Use the informa- 
tion beginning on page 140 to study the poten- 
tial benefits and formal implications of using 
daylight illumination in your project. 



Step 5: Plan for mechanical and electrical systems. 

Use the information beginning on page 1 60 
for large buildings, or on page 235 for small 
buildings, to consider heating and cooling 
systems that meet the needs of your project. 
Or, if you are particularly interested in pas- 
sive heating and cooling systems, start on 
page 217. Once a viable system has been 
selected, use the information in the following 
sections to allocate spaces within your build- 
ing for its HVAC, electrical, plumbing, and 
other systems. 

Step 6: Determine building code requirements for 
egress and accessibility. Use the informa- 
tion that begins on page 265 to lay out the 
necessary components of your building’s exit- 
ing system. If needed, incorporate provisions 
for accessibility as well. 

Step 7: Add accommodations for parking. If provi- 
sion for parking is a requirement of your proj- 
ect, use the information beginning on page 
33 1 to evaluate both surface and structured 
parking options. 



ix 
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1 

DESIGNING 

WITH 

BUILDING 

CODES 



This section will help you determine 
which model building code and occupancy 
classifications to apply to the project you 
are designing. You will need to know these 
facts to have full access to the information 
throughout this book. 



Building Codes and Zoning Ordinances 5 

Occupancies: International Building Code 6 

Occupancies: National Building Code of Canada 13 




BUILDING CODES AND 

ZONING ORDINANCES 

A. designer works under complex 3- meaningful way. Thus, prelimi- Building Code, and for projects in 

legal constraints that exert a power- nary guidelines can be provided Canada, the National Building Code 

ful influence on the form a building for incorporating building code of Canada. Next, consult the appro- 

may take. Local zoning ordinanc- requirements into your project. priate code-specific index that foi- 
es control building uses, heights. This book provides build- lows to ascertain the Occupancies 

areas, distances from property ing code information based on for the building you are designing, 

lines, and on-site parking capaci- two model building codes: the These two pieces of information — 

ties. Building codes enacted at the International Code Council’s model code and Occupancies — are 

municipal, county, state, or provin- International Building Code (2009) the keys that will unlock code-relat- 

cial level regulate everything from and the National Research Council ed information throughout other 

building heights and areas to the of Canada, Canadian Commission sections of this book, 

types of interior finish materials on Building and Fire Codes’ The building code information 

that may be used. Further con- National Building Code of Canada provided in the following pages is 

straints are often imposed by local (2010). These two model codes intended for preliminary purpos- 

fire districts, by health and safety form the basis for the vast major- es. The extent to which this infor- 

regulations pertaining to particular ity of building codes enacted by mation may accurately reflect the 

uses, and by national regulations jurisdictions throughout the United regulations with which any particu- 

governing equal access to public States and Canada. This book lar project must comply will differ 

facilities and housing. condenses from these two model from one locale to another: In some 

Zoning laws and use-specific codes the provisions that have the instances, a jurisdiction may adopt — 

codes are most often promulgat- most direct and important effects one of the model codes included in 

ed at the local level and do not on building form: height and area this book almost verbatim. In many 

lend themselves to simple gener- limitations, beginning on page 363, cases, you will find that your proj- 

alization from one jurisdiction to and requirements for the design of ect’slocalehasadoptedoneofthese 

the next. For this reason, this book egress systems, starting on page model codes, but with amendments 

does not attempt to address these 261. Code requirements having or alterations to its requirements, 

requirements, and the designer to do with the detailed design of And occasionally, you may encoun- 

should consult the regulations in structural and mechanical compo- ter a jurisdiction that has written its 

effect for guidance in these areas. nents of buildings are reflected own code or based its regulations 

On the other hand, although build- here indirectly through the pre- on a model not addressed in this 

ing codes are also enacted at local liminary sizing charts for structural book. For these reasons, before 

levels, the vast majority of North elements (pages 55-135) and the becoming too deeply immersed in 

American building codes are rules of thumb for providing space your design, be sure exactly which 

derived from just a few nation- for mechanical and electrical sys- codes and regulations govern your 

ally recognized model codes. The terns (pages 179-259). project and verify that the informa- 

use of model codes as the basis To make use of the informa- tion you use fully and accurately 

for the majority of local building tion provided in this book, start by reflects the legal requirements 

codes results in sufficient standard- selecting the model code appropri- that apply, whether that informa- 

ization that these regulations can ate to your project: for projects in tion comes from this book or other 

be simplified and generalized in the United States, the International sources. 
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OCCUPANCIES: INTERNATIONAL BUILDING CODE 



WHICH BUILDING CODE 
TO CONSULT 

If your project is in the United States, 
use the International Building 
Code, starting on this page, as the 
basis for determining preliminary 
code requirements for your project. 
If your project is in Canada, use the 
National Building Code of Canada, 
starting on page 13. For more infor- 
mation about model building codes 
and their applicability to your proj- 
ect, see page 5. 



OCCUPANCY 

CLASSIFICATION 

^ Buildings, or portions of build- 
ings, are classified by the activities 
for which they are used, termed 
Occupancies. These classifications 
reflect the relative life-safety haz- 



ards associated with the activi- 
ties and occupant characteristics. 
In general, buildings intended 
for larger numbers of occupants, 
for public use, and for inherently 
hazardous activities are afforded 
greater levels of protection than 
those designed for smaller groups, 
private uses, and nonhazardous 
activities. Use the information on 
the following pages to determine 
which Occupancies most appropri- 
ately describe your project. 

If your building contains multi- 
ple uses, determine the Occupancy 
classification for each part. Later 
in this book, you will find more 
information on how to apply the 
various code requirements to such 
mixed-occupancy facilities; if you 
would like to learn more about 
mixed-occupancy buildings right 
now, turn to page 368. 



GENERAL DESCRIPTION 
OF OCCUPANCIES 

The following table describes 
each Occupancy according to the 
International Building Code. 



Occupancy General Description 

A ASSEMBLY Assembly Occupancies include social, recreational, entertainment, and civic gatherings of 50 or more 

persons. Assembly Occupancy includes five subgroups: 

A- 1 : This group includes theaters for the viewing of motion pictures and performing arts, usually 
with fixed seating. 

A-2: This group includes food and drink establishments. 

A-3: This group includes recreational, amusement, and worship uses not specifically covered by 
other Assembly subgroups, including, for example, galleries, churches, community halls, court- 
rooms, dance halls, indoor sports facilities without fixed seating, lecture halls, libraries, museums, 
passenger station waiting areas, and the like. 

A-4: This group includes indoor sports facilities with spectator seating. 

A-5:This group includes outdoor sports arenas. 

Gathering spaces less than 750 sq ft (70 m^) in area or accommodating fewer than 50 persons are 
treated as Group B, Business Occupancies, or, when located within other occupancies, as part of the 
surrounding Occupancy. 

Assembly spaces located within Group E Educational facilities are treated as part of the Group E 
Occupancy. 

B BUSINESS Business Occupancies include office, professional, and service activities, and storage of related 

records and accounts. Business Occupancy also includes education facilities past the 12th grade, but 
does not include retail or wholesale sales, which are classified as Group M Mercantile. 



(continued) 





OCCUPANCIES: INTERNATIONAL BUILDING CODE 



Occupancy General Description 



E EDUCATIONAL Educational Occupancies include schools for grades K through 12 and day care facilities for children 
older than 214 years of age accommodating six or more children. 

Auditoriums, gymnasiums, and other assembly areas within Group E facilities are treated as part 
of the Group E Occupancy. Educational facilities above the 12th grade are classified as Group B 
Business. 

Educational rooms and auditoriums within religious facilities, accommodating not more than 99 per- 
sons, are considered part of that facility’s overall classification, usually Group A-3 Assembly. If they 
accommodate 100 or more persons, such spaces must be classified separately as Group E. 

An Educational Occupancy may also include day care for up to 100 children 214 years and younger 
when all rooms housing such children are on the ground level and have exit doors leading directly to 
the exterior. 

T FACTORY Factory Industrial Occupancies include manufacturing, fabricating, finishing, packaging, repairing, 

INDUSTRIAL and other industrial processes, except those considered especially hazardous, classified as Group H 

Hazardous, or those classified as Group S Storage. Factory Occupancy has two subgroups: 

F-1 Moderate-Hazard: This group includes manufacturing and industrial processes with moderate 
fire hazard, such as those involving aircraft, appliances, automobiles, machinery, electronics, plas- 
tics, printing, woodworking, and any others not classified as Group F-2. 

F-2 Low-Hazard: This group includes manufacturing and industrial processes using nonflammable 
materials, such as those involving nonalcoholic beverages, brick and masonry, ceramics, glass, 
gypsum, ice, and metal fabrication. 

Office and storage areas associated with factory facilities are classified as Group B and Group S 
Occupancies, respectively, unless they are small enough to be treated as accessory to the primary 
Factory Occupancy (see page 369 for Accessory Occupancies). 

H HIGH-HAZARD High-Hazard Occupancies include manufacturing, processing, and storage of materials with a high 
potential for health or fire hazard. Hazardous use classifications are specific and detailed about the 
amounts and types of explosive, flammable, corrosive, or toxic materials involved. If you are consid- 
ering the design of such a facility, you should consult the building code from the very outset of your 
project to determine requirements. High-Hazard Occupancy has five subgroups: 

H- 1 : This group includes facilities housing significant quantities of materials that are at risk of 
explosion or otherwise chemically highly unstable, for example, dynamite. 

H-2: This group includes facilities housing significant quantities of materials that can act as acceler- 
ants in a fire, for example, flammable gasses or combustible dust. 

H-3: This group includes facilities housing significant quantities of materials that readily support 
combustion or that otherwise present a physical hazard to occupants, such as combustible fibers, 
consumer fireworks, or oxidizing chemicals. 

H-4: This group includes facilities housing significant quantities of materials that do not present a 
special fire hazard but are corrosive or highly toxic. 

H-5:This group includes semiconductor fabrication plants and comparable research and develop- 
ment facilities that involve the use of significant quantities of materials specifically identified in the 
building code as hazardous production materials. 
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I INSTITUTIONAL Institutional Occupancies include facilities where occupants cannot fully care for themselves, including 
residential care, health care, day care, and correctional facilities. Institutional Occupancies are divided 
into four subgroups: 

I- 1: This group includes 24-hour residential care facilities for 17 or more occupants (not including 
care staff), for example, group homes, assisted living facilities, convalescent homes, and alcohol and 
drug rehabilitation centers. Occupants must be capable of responding to an emergency without 
physical assistance from the facility staff. 



(continued) 




OCCUPANCIES: INTERNATIONAL BUILDING CODE 



Occupancy General Description 



1-2: This group includes 24-hour medical, psychiatric, and custodial care facilities in which occupants 
are not capable of self-preservation in an emergency, for example, hospitals, nursing homes, and 
child care facilities. 

1-3: This group includes facilities with six or more occupants (not including staff) who are under 
restraint, detention, or security, for example, prisons, correctional centers, and reformatories. 

1-4: This group includes nonmedical day care facilities for six or more occupants of any age (not 
including staff). 

Offices, dining areas, gifts shops, and other such areas often associated with some Group 1 facilities 
should be classified as the appropriate A, B, or M Occupancies unless they are small enough to be 
treated as accessory to the primary 1 occupancy. (See page 369 for Accessory Occupancies.) 

For more information on the classification of residential and day care facilities, see page 12. 

M MERCANTILE Mercantile Occupancies include the display and sale of retail and wholesale merchandise and the 
related stocking of such goods. 

R RESIDENTIAL Residential Occupancies include facilities where people live and sleep when not in a supervised set- 
ting that would not otherwise be classified as Institutional Occupancies. Residential Occupancies are 
divided into four subgroups: 

R-1: This group includes hotels, motels, short-term boardinghouses, and other facilities where occu- 
pants are transient, typically with stays not exceeding 30 days. 

R-2: This group includes apartment houses, nontransient boardinghouses, convents, dormitories, 
nontransient hotels and motels, time-share properties, and other facilities where occupants are pri- 
marily permanent. 

R-3: This group includes residential facilities not classified as Group 1 Institutional or other R 
Occupancies, including one- and two-family residences, and care facilities (both 24-hour and day) 
for not more than five occupants of any age. Dormitories, fraternities and sororities, and other con- 
gregate living facilities where residents share kitchen, dining, and bath areas, with up to 16 perma- 
nent residents or 10 transient residents, may also be classified as Group R-3. 

R-4: This group includes residential care or assisted living facilities for between 6 and 16 occupants 
above the age of ZVz years. Residents must be capable of self-preservation. 

For more information on the classification of residential and day care facilities, see page 12. 

Detached one- and two-family dwellings and townhouses, not more than three stories in height, most 
often are built to comply with the International Gode Gouncil’s International Residential Code, a sepa- 
rate model code written specifically for these building types. Where the activities described above in 
Occupancies R-3 or R-4 are housed in such buildings, these buildings may in many cases be construct- 
ed to the requirements of this code. See also pages 430 and 432. 

S STORAGE This classification includes storage not classified as H Hazardous and is divided into two subgroups: 

S-1 Moderate-Hazard: This group includes storage of books, paper, furniture, grain, lumber, tires, and 
other materials of moderate fire hazard, as well as motor vehicle repair facilities. 

S-2 Low-Hazard: This group includes parking garages and buildings for the storage of noncombus- 
tible materials. 



U UTILITY AND This classification includes agricultural buildings and other structures not included in other occupancy 
MISCELLANEOUS classifications, such as aircraft hangars, carports, private garages, greenhouses, livestock shelters, 
retaining walls, sheds, stables, tanks, towers, and other miscellaneous uses. 




OCCUPANCIES: INTERNATIONAL BUILDING CODE 



INDEX OF OCCUPANCIES 

You may use the following detailed 
list of building uses to determine 
the Occupancy classifications for 
your project. If the specific use for 
your project is not listed, choose 
the most similar use based on com- 
parisons of the number and density 
of occupants, nature of the activ- 
ity, and any associated fire- or life- 
safety risks. 



WHERE DO I GO FROM 
HERE? 

Once you have determined the 
building code Occupancy classi- 
fications for your project, you can 
use this information throughout 
the other sections of this book. If 
you are unsure of where to go next, 
see page ix. How to Use This Book, 
for suggestions on how to proceed. 



Building Use Occupancy Building Use Occupancy 



Agricultural buildings, barns, live- 


U 


stock shelters 


Aircraft hangars, accessory to one- 


U 


or two-family residences 


Aircraft hangars, storage and repair 


S-1 


Aircraft manufacturing 


F-1 


Airport traffic control towers 


B 


Alcohol and drug centers, 24-hour 


1-1; see also 


care 


Institutional and 
Residential Care 
Occupancies, p. 12 


Amusement arcades 


A-3 


Amusement park structures 


A-5 


Animal hospitals, kennels, pounds 


B 


Apartment houses 


R-2 


Art galleries 


A-3 or B, depending 
on the number of 
occupants 


Assisted living 


1-1; see also 
Institutional and 
Residential Care 
Occupancies, 

p. 12 


Auditoriums 


A-3 


Auditoriums, part of Group E 


E 


Educational facilities 


Banks 


B 


Banquet halls 


A-2 


Barber and beauty shops 


B 


Barns 


U 


Bleachers, outdoors 


A-6 


Boardinghouses, not transient 


R-2 


Boardinghouses, transient 


R-1 


Bowling alleys 


A-3 


Business offices 


B 



Car washes 


B 


Care facilities, 24-hour 


See Institutional and 
Residential Care 
Occupancies, 

p. 12 


Carports 


U 


Child care, 24-hour, 6 or more 

children 2/4 years of age or less 


1-2; see also 
Institutional and 
Residential Care 
Occupancies, p. 12 


Child care, day, 6 or more children 
2/4 years of age or less 


1-4; see also 
Institutional and 
Residential Care 
Occupancies, p. 12 


Churches 


See Places of 
worship 


Civic administration 


B 


Clinics, outpatient 


B 


Community halls 


A-3 


Concert halls 


A-2 


Congregate living facilities 

combining individual sleeping 
units with shared dining, 
bathing, and recreation (such 
as dormitories, fraternities and 
sororities, and convents), 10 or 
fewer transient residents 


R-3 


Congregate living, 1 1 or more 
transient residents 


R-1 


Congregate living facilities, 16 or 
fewer permanent residents 


R-3 


Congregate living facilities, 17 or 
more permanent residents 


R-2 



U1 
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OCCUPANCIES: INTERNATIONAL BUILDING CODE 



Building Use 


Occupancy 


Building Use 


Occupancy 


Reformatories 


1-3 


Sports arenas, indoor 


A-4 


Rehabilitation facilities 


1-1; see also 


Stadiums, outdoors 


A-5 




Institutional and 
Residential Care 
Occupancies, p. 12 


Storage 


S-l,S-2,or H, 
depending on the 
hazard 


Religious facilities 


See Places of wor- 
ship 


Swimming pools, indoor, with 
spectator seating 


A-4 


Residential care 


See Institutional and 
Residential Care 


Swimming pools, indoor, without 
spectator seating 


A-3 




Occupancies, p. 12 


Tanks 


U 


Restaurants 


A-2 


Taverns and bars 


A-2 


Retail stores 


M 


Telephone exchanges 


B 


Retaining walls 


U 


Tennis courts, indoors, with spectator 


A-4 


Salesrooms 


M 


seating 




Sheds 


U 


Tennis courts, indoors, without 


A-3 


Skating rinks with spectator seating, 


A-4 


spectator seating 




indoor 




Theaters 


A-1 


Sleep clinics 


B 


Tower structures, nonoccupied 


U 


Sororities 


See Congregate 


Training centers, nonacademic 


B 




living 


Wholesale stores 


M 



DESIGNING WITH BUILDING CODES 




OCCUPANCIES: INTERNATIONAL BUILDING CODE 



INSTITUTIONAL AND 
RESIDENTIAL CARE 
OCCUPANCIES 

In the International Building Code, 
day care and residential care facili- 
ties are assigned to Occupancies 
based on the ages of the individu- 
als under care, the number of indi- 
viduals receiving care, the duration 
of the care, and the extent to which 
occupants can fend for themselves 
in the event of a building emer- 
gency. Use the following table to 



determine the most appropriate 
Occupancy classification for such 
uses. Other related classifications, 
not listed in the table, include the 
following: 

■ Day facilities for able-bodied 
adults who do not require personal 
care and are capable of responding 
to emergencies without assistance 
are classified as either Occupancy 
A-3 or B, depending on the number 
of occupants. This includes, for ex- 
ample, community centers, YMCAs, 
and other similar facilities. 



■ Doctors’ offices, outpatient clin- 
ics, and similar facilities where pa- 
tient stays do not exceed 24 hours 
are classified as Occupancy B. 

■ Facilities that provide medical 
care extending beyond a 24-hour 
stay and where residents require 
physical assistance in the case of a 
building emergency are classified 
as Occupancy 1-2. This includes, for 
example, hospitals, nursing homes, 
detoxification facilities, and child 
care facilities with stays extending 
beyond 24 hours. 



DAY AND 24-HOUR NON-MEDICAL CARE OCCUPANCIES 



Age of 
Occupants 


Day Care 

(less than 24-hour) 


24-Hour Care 






1-5 


6 or more 


1-5 


6-16 


17 or more 




occupants 


occupants 


occupants 


occupants 


occupants 


2‘/2 years or less 


R-3 


1-4* 


R-3 


1-2 


1-2 


Over 2‘/2 years, 
not capable of self- 
preservation 


R-3 


1— 1 


R-3 


1-2 


1-2 


Over 2‘/2 years and 
capable of self- 
preservation 


R-3 


E for chldren up 
to the 12 th grade 

1-4 for adults* 


R-3 


1-2 


I-l 



The number of occupants includes only individuals receiving care, and excludes staff and 
care providers. 



^Exceptions for 1-4 Occupancies: 

Day care occurring during worship activities within a religious facility may be classified 
with the primary Occupancy, usually A-3. 

Up to 100 children 2‘/2 years or less in age may receive day care in a Group E Occupancy 
when all such children are located in rooms on the ground floor having exit doors leading 
directly to the exterior. 

Day care facilities for adults above the 12th grade and capable of responding to an 
emergency without assistance may also be classified as Group R-3 if the facility meets other 
code requirements for this Occupancy. 







OCCUPANCIES: NATIONAL BUILDING CODE OF CANADA 



WHICH BUILDING CODE 
TO CONSULT 

If your project is in Canada, use the 
National Building Code of Canada, 
starting on this page, as the basis 
for determining preliminary code 
requirements for your project. If 
your project is in the United States, 
use the International Building Code, 
starting on page 6. For more infor- 
mation about model building codes 
and their applicability to your proj- 
ect, see page 5. 



OCCUPANCY 

CLASSIFICATION 

Buildings, or portions of build- 
ings, are classified by the activities 
for which they are used, termed 
Occupancies. These classifica- 
tions reflect the relative life-safety 
hazard associated with the activi- 
ties and occupant characteristics. 
In general, buildings intended 
for larger numbers of occupants, 
for public use, and for inherently 
hazardous activities are afforded 
greater levels of protection than 
those designed for smaller groups, 
private uses, and nonhazardous 
activities. Use the information on 
the following pages to determine 



which occupancies most appropri- 
ately describe your project. 

If your building contains 
multiple uses, determine the 
Occupancy classification for each 

Vi 

part. Later in this book, you will w 
find more information on how to O 
apply the various code require- ^ 
ments to such mixed-use facilities; § 
if you would like to learn more S 
about mixed-use buildings right g 
now, turn to page 368. B 

M 

& 

GENERAL DESCRIPTION I 
OF OCCUPANCIES o 

M 

Vi 

The following table describes g 
each Occupancy according to the 
National Building Code of Canada, j g 



Occupancy General Description 

A ASSEMBLY Assembly Occupancy includes social, recreational, and civic gatherings and includes four subdivi- 

sions: 

A- 1: This division includes facilities for the public production and viewing of the performing arts, 
such as motion picture theaters, performing arts halls and theaters, and broadcast studios with 
viewing audiences. 

A-2: This division includes a broad range of assembly-type uses not specifically falling under other 
Assembly subdivisions, for example, auditoriums, churches, community halls, courtrooms, dance 
halls, gymnasiums, lecture halls, libraries, museums, passenger stations and depots, nonresidential 
schools and colleges, and other public gathering facilities. 

A-3: This division includes indoor arena- type facilities, such as swimming pools (with or without 
spectator seating), arenas, and rinks. 

A-4: This division includes open-air assembly facilities such as outdoor sports stadiums, amusement 
park structures, and other facilities with outdoor bleachers or grandstands. 

Care, Treatment, or Detention Occupancy includes facilities where occupants cannot fully care for 
themselves and includes three subdivisions: 

B-1: This division includes detention occupancies in which occupants are under restraint or inca- 
pable of self-preservation due to security measures, such as prisons and jails, as well as psychiatric 
hospitals, reformatories, and other care facilities with detention quarters. 

B-2:This division includes medical or health-related treatment Occupancies that do not include 
detention, such as hospitals, infirmaries, and psychiatric hospitals, as well as convalescent homes, 
hospices, nursing homes, respite centers, and other similar facilities when medical treatment is pro- 
vided. 

B-3: This division includes facilities providing cognitive, behavioral, or physical care, without medi- 
cal treatment or detention, such as assisted living facilities, children’s custodial homes, convales- 
cent homes, group homes, nursing homes, reformatories, and respite centers. 



B CARE, 
TREATMENT, 
OR DETENTION 



(continued) 
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Occupancy General Description 



C RESIDENTIAL Residential Occupancy includes all kinds of residential facilities not classified as Care or Detention, 
such as apartment houses, boardinghouses, residential colleges and schools, hotels, single-family 
houses, and the like. 

Business and Personal Services Occupancy includes office, professional, and service facilities, such as 
banks, beauty parlors, doctors’ offices, business offices, police stations (without detention), and radio 
stations. This occupancy does not include retail or wholesale sales, which are classified as Occupancy 
E. 

E MERCANTILE Mercantile Occupancies include the display and sale of retail and wholesale merchandise and the 
related stocking of such goods. 

F INDUSTRIAL Industrial Occupancies include manufacturing and industrial facilities and includes three subdivi- 
sions: 

F-l:This division includes high-hazard manufacturing processes, such as those involving highly 
flammable or hazardous substances. 

F-2:This division includes medium-hazard manufacturing processes and materials. 

F-3: This division includes low-hazard manufacturing processes and materials. 



D BUSINESS 
AND PERSONAL 
SERVICES 
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OCCUPANCIES: NATIONAL BUILDING CODE OF CANADA 



INDEX OF OCCUPANCIES 

You may also use the following 
index of uses to determine the 
Occupancy classifications for your 
project. If the specific use for your 
project is not listed, choose the 
most similar use based on com- 
parisons of the number and den- 
sity of occupants, the nature of the 
activity, and any associated fire- or 
life-safety risks. 



WHERE DO I GO FROM 
HERE? 

Once you have determined the 
building code Occupancy classi- 
fications for your project, you can 
use this information throughout the 
other sections of this book. If you 
are unsure of where to go next, see 
page ix. How to Use This Book, for 
suggestions on how to proceed. 



Building Use 


Occupancy 


Aircraft hangars 


F-2 


Aircraft hangars (light-aircraft. 


F-3 


storage only) 


Amusement park structures 


A-4 


Apartments 


C 


Appliance rental and service 


D 


establishments, small 


Arenas, indoor, including use for 


A-3 


occasional trade shows or 
exhibitions 


Art galleries 


A-2 


Assisted living facilities 


B-3 


Auditoriums 


A-2 


Banks 


D 


Barbershops 


D 


Beauty shops 


D 


Beverage establishments 


A-2 


Bleachers, open-air 


A-4 


Boardinghouses 


C 


Bowling alleys 


A-2 


Box factories 


F-2 


Candy manufacturing plants 


F-2 


Care facilities, with medical 


B-2 


treatment 


Care facilities, without medical 


B-3 


treatment 


Cereal mills 


F-1 


Chemical plants 


F-1 


Children’s custodial homes 


B-3 


Children’s custodial homes, with 


C 


not more than 10 ambulatory 
occupants living as a single 
housekeeping unit 


Clubs, nonresidential 


A-2 


Cold storage 


F-2 


Colleges, nonresidential 


A-2 



Building Use 


Occupancy 


Colleges, residential 


C 


Community halls 


A-2 


Concert halls 


A-1 


Convalescent centers, with medical 


B-2 


treatment 


Convalescent centers, with not more 


C 


than 10 ambulatory occupants 
living as a single housekeeping 
unit 


Convalescent centers, without 


B-3 


medical treatment 


Convents 


C 


Courtrooms 


A-2 


Creameries 


F-3 


Dance halls 


A-2 


Dental offices 


D 


Department stores 


E 


Distilleries 


F-1 


Dormitories 


C 


Dry cleaning establishments, not 


F-2 


using flammable or explosive 
solvents or cleaners 


Dry cleaning establishments, self- 


D 


service 


Dry cleaning plants, other 


F-1 


Electrical stations 


F-2 


Exhibition halls, mercantile 


E 


Exhibition halls, other than 


A-2 


mercantile 


Factories 


F-1, F-2, or F-3, 
depending on the 
hazard 


Farm buildings 


Must conform to 
the National Farm 
Building Code of 
Canada, which is not 
included in this book 



U1 



U 



Q 
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Building Use 

Feed mills 

Flour mills 

Freight depots 

Garages, repair 

Grain elevators 

Grandstands, open-air 

Group homes 

Gymnasiums 

Hairdressing shops 

Helicopter rooftop landing areas 

Hospices, with medical treatment 

Hospices, without medical treatment 

Hospitals 

Hotels 

Houses 

16 Industrial salesrooms 



Industrial sample display rooms 

Infirmaries 

Jails 

Laboratories 



Lacquer factories 

Laundries, except self-service 

Laundries, self-service 

Lecture halls 

Libraries 

Lodging houses 

Markets 

Mattress factories 



Medical offices 

Monasteries 

Motels 

Motion picture theaters 
Museums 

Nursing homes, with medical 
treatment 

Nursing homes, without medical 
treatment 
Opera houses 
Paint, varnish factories 
Paper recycling plants 
Parking garages, enclosed or open 
Passenger stations, depots 



Occupancy 


Building Use 


Occupancy 


F-1 


Penitentiaries 


B-1 


F-1 


Places of worship 


A-2 


F-2 


Planing mills 


F-2 


F-2 


Police stations, not more than one 


B-2 


F-1 


story in height and 600 m^ 




A-4 


(6460 ft^) in building area 




B-3 


Police stations, with detention 


B-1 


A-2 


quarters 




D 

F-2 


Police stations, without detention 
facilities 


D 


B-2 


Power plants 


F-3 


B-3 


Printing plants 


F-2 


B-2 


Prisons 


B-1 


c 


Psychiatric hospitals, with detention 


B-1 


c 


quarters 




F-1, F-2, or F-3, 


Psychiatric hospitals, with medical 


B-2 


depending on the 


treatment 


D 


hazard 


Radio stations 


F-3 


Recreational piers 


A-2 


B-2 


Reformatories, with detention 


B-1 


B-1 


quarters 




F-1, F-2, or F-3, 
depending on the 


Reformatories, without medical treat- 
ment 


B-3 


hazard 

F-1 


Rehabilitation centers, with medical 
treatment 


B-2 


F-2 

D 


Rehabilitation centers, without 
medical treatment 


B-3 


A-2 


Respite centers, with medical 
treatment 


B-2 


A-2 


Respite centers, without medical 


B-3 


C 


treatment 




E 


Restaurants 


A-2 


F-1 or F-2, 
depending on the 


Reviewing stands, open-air 


A-4 


hazard 


Rinks, indoor 


A-3 


D 


Rubber processing plants 


F-1 


C 


Schools, nonresidential 


A-2 


C 


Schools, residential 


G 


A-1 


Service stations 


F-2 


A-2 


Shops 


E 


B-2 


Spray painting operations 


F-1 




Stadiums, open-air 


A-4 


B-3 


Storage, baled combustible fibers 


F-2 




Storage, bulk, flammable liquids 


F-1 


A-1 


Storage, bulk, hazardous chemicals 


F-1 


F-1 


Storage, other 


F-1, F-2, or F-3, 


F-1 




depending on the 


F-3 




hazard 


A-2 


Stores 


E 



(continued) 
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Building Use 


Occupancy 


Building Use 


Occupancy 


Supermarkets 


E 


Tool rental and service 


D 


Swimming pools, indoor, with or 


A-3 


establishments, small 




without spectator seating 




Warehouses 


F-l,F-2,orF-3, 


Television studios, admitting a 
viewing audience 


A-1 




depending on the 
hazard 


Television studios, with a viewing 


D 


Wholesale rooms 


F-2 


audience 




Woodworking shops 


F-2 


Television studios, without a viewing 
audience 


F-2 


Workshops 


F-2 or F-3, 
depending on the 


Theaters, performance 


A-1 




hazard 
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SYSTEM 



This section will help you select a 
structural system for the preliminary design 
of your building. 



Building Code Criteria for the Selection of Structural Systems 23 

Design Criteria for the Selection of Structural Systems 24 

Design Criteria: Summary Chart 28 

Practical Span Ranges for Structural Systems 31 

Live Load Ranges for Building Occupancies 32 

Live Load Ranges for Structural Systems 33 

Some Typical Choices of Structural Systems 

for Different Building Types 34 




BUILDING CODE CRITERIA FOR THE SELECTION 
OF STRUCTURAL SYSTEMS 



vv hen choosing a structural sys- 
tem for a building, you must first 
determine the range of systems 
permitted by the building code 
in effect for your project. Each of 
the model codes requires you to 
do this by first determining the 
Occupancy classifications for a 
building. Then you must consult 
numerous detailed provisions of 
the code that prescribe the maxi- 
mum height and floor area to which 
the building may be built, based 
on its Occupancy and a range of 
code-defined Construction Types. 



To streamline this process, sim- 
plified tables of area and height 
limitations for each model code are 
provided in this book. To use these 
tables, proceed as follows: 

■ If you have not already done 
so, first determine which model 
code applies to your building and 
the Occupancy classifications into 
which it falls (pages 6-17). 

■ Refer to the Height and Areas 
Tables, beginning on page 385, 
and locate the one or more tables 
that apply to your building. 



■ Based on the size of the build- 
ing required for your project, read 
from the Height and Area Tables 
the allowable Construction Types. 

■ To learn more about each accept- 
able Construction Type, see pages 
380-384. 

Knowing what Construction Types 
are permitted for your project will 
help you in making preliminary 
selections of structural systems 
on the pages that follow in this 
section. 
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DESIGN CRITERIA FOR THE SELECTION 
OF STRUCTURAL SYSTEMS 



If you wish to create a building with 
a highly irregular form: 


Choose systems with simple floor and roof framing that are fabricated 
mostly on-site, such as: 

Sitecast concrete using any slab system without beams or ribs 
(pages 107-111, 114-115, 118-121) 

Light gauge steel framing (pages 91-95) 

Platform frame (pages 57-66) 

Masonry construction with either concrete slab or wood light floor 
framing (pages 79-90) 


If you wish to leave the structure 
exposed while retaining a high 
fire-resistance rating: 


Choose structural systems that are inherently resistant to fire and heat, 
including: 

All concrete systems (although ribbed systems may require added 
thickness in the ribs or slab, or applied fireproofing) (pages 107- 
135) 

Heavy timber frame (pages 66-77) 

Mill construction (pages 57, 79, 66-77) 

Structural steel is highly susceptible to loss of strength in a fire and usu- 
ally must be protected with a fire-resistive finishing system. For further 
information on the fire resistance of various structural systems and uses 
for which they are permitted, see pages 376-384. 


If you wish to allow column place- 
ments that deviate from a regular 
grid: 


Use systems that do not include beams or joists in the floor and roof struc- 
ture, such as: 

Sitecast concrete two-way flat plate or flat slab (pages 118-121) 

Metal space frame 


If you wish to minimize floor thick- 
ness to reduce total building height 
or to reduce floor spandrel depth 
on the building facade: 


The thinnest floor systems are concrete slabs without ribs, preferably pre- 
stressed, such as: 

Sitecast concrete two-way flat plate or flat slab, especially when post- 
tensioned (pages 118-121) 

Precast prestressed hollow core or solid slab (pages 132-133) 
Posttensioned one-way solid slab (pages 1 14-1 15) 


If you wish to minimize the area 
occupied by columns or bearing 
walls: 


Consider long-span structural systems, such as: 

Heavy wood trusses (pages 74-75) 

Glue-laminated wood beams (pages 72-73) 

Glue-laminated wood arches (pages 76-77) 

Steel frame (pages 96-103) 

Open-web steel joists (page 104) 

Single-story rigid steel frame (page 105) 

Steel trusses (page 106) 

Sitecast concrete one-way joist or waffle slab, particularly when post- 
tensioned (pages 116-117, 122-123) 

Precast concrete single or double tees (pages 134-135) 

You may also wish to consider other long-span systems, such as specially 
fabricated steel beams, suspended systems, arches, vaults, and shells. 








DESIGN CRITERIA FOR THE SELECTION 
OF STRUCTURAL SYSTEMS 



If you wish to allow for changes to Consider short-span one-way systems that permit easy structural modi- 
the building over time: fication, such as: 

Light gauge or conventional steel frame (pages 91-104) 

Any wood system (pages 57-77) 

Sitecast concrete one-way solid slab or one-way joist construction, 
excluding posttensioned (pages 114-117) 

Precast concrete solid or hollow core slab (pages 132-133) 

If you wish to permit construction Select a system that does not depend on on-site chemical processes (such 
under adverse weather conditions: as the curing of concrete or mortar) and that can be erected quickly, 

such as: 

Tiny steel system (pages 91-106) 

Tiny wood system (pages 57-77) 

Precast concrete systems, particularly those that minimize the use of 
sitecast concrete toppings and grouting (pages 125-135) 

If you wish to minimize site distur- Choose column and beam systems supported on point footings, thereby 
bance during construction: minimizing excavation, such as: 

Heavy timber frame (pages 67-71) 

Steel frame (pages 96-103) 25 

Choose long-span systems that minimize bearing elements, such as: 

Heavy wood trusses (pages 74-75) 

Glue-laminated wood beams (pages 72-73) 

Glue-laminated wood arches (pages 76-77) 

' Open-web steel joists (page 104) 

Steel trusses (page 106) 

Choose systems that rely on a high degree of off-site prefabrication to 
minimize construction activities on site, such as: 

Single-story rigid frames (page 105) 

Any precast concrete system (pages 125-135) 

If you wish to minimize off-site Consider systems in which the building is constructed on-site from easily 

fabrication time: formed, relatively unprocessed materials, such as: 

Tiny sitecast concrete system (pages 107-123) 

Light gauge steel framing (pages 92-95) 

Platform frame (pages 58-65) 

Tiny masonry system (pages 79-90) 

If you wish to minimize on-site erec- Consider systems using highly preprocessed, prefabricated, or modular 
tion time: components, such as: 

Single-story rigid steel frame (page 105) 

Steel frame, particularly with hinge connections (pages 96-104) 

Tiny precast concrete system (pages 125-135) 

Heavy timber frame (pages 66-77) 
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DESIGN CRITERIA FOR THE SELECTION 
OF STRUCTURAL SYSTEMS 



If you wish to minimize construction 
time for a one- or two-story 
building: 


Consider systems that are lightweight and easy to form, or prefabricated 
and easy to assemble, such as: 

Any steel system (pages 91-106) 

Heavy timber frame (pages 66-77) 

Platform frame (pages 58-65) 


If you wish to minimize construction 
time for a 4- to 20-story building: 


Choose from the following systems: 

Precast concrete (pages 125-135) 

Steel frame (pages 96-104) 

Once the structural components for either of the above systems are pre- 
fabricated, on-site erection proceeds quickly. 

Any sitecast concrete system (pages 107-123) 

The absence of lead time for the prefabrication of components in sitecast 
concrete systems allows construction of the building to begin on-site at 
the earliest time. 


If you wish to minimize construc- 
tion time for a building 30 stories or 
more in height: 


Choose a system that is strong, lightweight, prefabricated, and easy to 
assemble: 

Steel frame (pages 96-103) 

Systems of precast and sitecast concrete are economical alternatives to 
steel frame construction in some regions. 


If you wish to minimize the need for 
diagonal bracing or shear walls: 


Choose a system that is capable of economically forming rigid joints, such as: 
Any sitecast concrete system, particularly those with beams or deep- 
ened slabs around the columns (pages 107-123) 

Steel frame with welded rigid connections (pages 96-103) 
Single-story rigid steel frame (page 105) 

When depending on a rigid frame for lateral stiffness, the sizes of the 
framing members often must be increased to resist the added bending 
stresses produced in such systems. 


If you wish to minimize the dead 
load on the building foundation: 


Consider lightweight or short-span systems, such as: 

Any steel system (pages 91-105) 

Any wood system (pages 57-71) 


If you wish to minimize structural 
distress due to unstable foundation 
conditions: 


Frame systems without rigid joints are recommended, such as: 

Steel frame, with bolted connections (pages 96-104) 

Heavy timber frame (pages 66-77) 

Precast concrete systems (pages 125-135) 

Platform framing (pages 58-63) 

Welded steel frames, masonry bearing walls, and sitecast concrete frames 
are particularly to be avoided. 









DESIGN CRITERIA FOR THE SELECTION 
OF STRUCTURAL SYSTEMS 



If you wish to minimize the number 
of separate trades and contracts 
required to complete the building: 



Consider systems that incorporate many of the functions of a complete 
wall system in one operation, such as: 

Masonry construction, including Mill or Ordinary construction (pages 
77-90) 

Precast concrete loadbearing wall panel systems (pages 128-129) 



If you wish to provide concealed 
spaces within the structure itself for 
ducts, pipes, wires, and other build- 
ing mechanical systems: 



Consider systems that naturally provide convenient hollow spaces, such as: 
Light truss and open-web joist systems (pages 64-65, 104) 

Light gauge steel framing (pages 92-95) 

Platform frame (pages 58-65) 

Light gauge steel framing and platform frame construction are often 
applied as finish or infill systems in combination with other types of 
building structures to provide such spaces. For more information on the 
integration of building services and the structural system, see pages 
190-192, 205-208, and 257. 
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Minimize off-site fabrication time 

Minimize on-site erection time 

Minimize construction time for a one- or two-story 
building 

Minimize construction time for a 4- to 20-story 
building 

Minimize construction time for a building 30 
stories or more in height 

Avoid the need for diagonal bracing or shear walls 

Minimize the dead load on a foundation 

Minimize structural distress due to unstable 
foundation conditions 

Minimize the number of separate trades needed 
to complete a building 



Provide concealed spaces for ducts, pipes, etc. 
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PRACTICAL SPAN RANGES FOR STRUCTURAL SYSTEMS 



This chart gives common practical 
span ranges for various structural 
systems. Spans beyond the ranges 
indicated may be possible in some 



circumstances. Page references are 
included where a system indicated 
is covered in greater detail else- 
where in this book. 



Span Range 



10 ’ 



20 ’ 



30’ 



50’ 



100 ’ 



200’ 300’ 



500’ 



STRUCTURAL SYSTEM 


Pages 3 m 6 m 9 m 


15 m 


30 m 60 m 90 m 


150 m 




Joists 

Decking 


































































bo-by 
































Solid Beams 
Rafter Pairs 
Light Floor Trusses 
Light Roof Trusses 
Glue-Laminated Beams 


62-63 






























































b4— bo 
64-65 
72-73 




























































































Heavy Trusses 


74-75 
































Glue-Laminated Arches 


76-77 
































Domes 
































BRICK & 


Lintels 


84, 90 










1 


1 


1 


1 


1 




















■ 


■ 


■ 


1 


1 










■ 


MASONRY 












■ 


1 


1 


1 


1 












1 




Corrugated Decking 
Lightweight Steel Joists 








■ 


■ 


1 


1 


1 


1 








■ 


■ 


1 


STEEL 


HJU-lUl 

94-95 

102-103 






■ 


■ 


1 


1 


1 


1 










■ 


1 








■ 


■ 


■ 


1 


1 


1 








■ 


■ 


1 




Beams 








■ 


B 


■ 


1 


1 








■ 


■ 


1 




Open-Web Joists 


104 








■ 
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■ 


1 




Single-Story Rigid Frames 


105 








■ 
















■ 


■ 


1 




Heavy Trusses 


106 








■ 




■ 
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■ 


1 




Arches and Vaults 






■ 


■ 


■ 




: 












■ 


■ 


1 




Space Frame 








■ 


■ 


■ 


■ 




















Domes 








■ 


■ 


■ 


■ 




















Cable-Stayed 

Suspension 








■ 


■ 






























■ 


■ 






















SITECAST 


One-Way Slabs 


114-115 








■ 


■ 


■ 


1 


■ 








■ 


■ 










■ 


■ 


1 


1 


1 








■ 


■ 




CONCRETE 


Two-Way Slabs 
One-Way Joists 


118-121 

116-117 








■ 


1 


1 


1 


1 






■ 


■ 


■ 














1 


1 


1 


1 








■ 


■ 






Waffle Slab 


122-123 








■ 


i 


1 


1 


1 






1 


■ 


■ 






Beams 


112-113 










■ 


■ 


1 


1 








■ 


■ 






Folded Plates and Shells 








■ 








■ 
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1 
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Domes 








■ 
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1 
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Arches 








■ 








■ 


1 
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Slabs 


132-133 
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CONCRETE 


Beams 
Double Tees 
Single Tees 


130-131 

134-135 

134-135 
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PNEUMATIC 



Air Inflated 
Air Supported 
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LIVE LOAD RANGES FOR BUILDING OCCUPANCIES 



LIVE LOAD RANGES FOR BUILDING OCCUPANCIES 



Light Loads Medium Loads Heavy Loads Very Heavy Loads 



OCCUPANCY 

Assembly Areas 
Building Corridors 
Garages 
Hospitals 



Hotels and 
Multifamily Housing 

Libraries 



Manufacturing 



Office Buildings 



One- and Two-Family 
Dwellings 

Outdoor Areas 



Roof Loads 



20 psf 
1.0 kPa 



60 psf 
2.9 kPa 



100 psf 
4.8 kPa 



150 psf 
Z.2 kPa 



Storage Areas 



Schools 





Fixed Movable 

seats seats 




Private 


Stage areas 
Public 




Passenger cars 


Trucks a 


Private 

rooms 


Operating 

rooms 




Private rooms 


Laboratories 

Pubhc rooms 






Reading rooms 


Stacks 


Offices 


Lobbies 


Light 


Attics Bedrooms 

Living 

spaces 




Pedestrian 


No Moderate Heavy 

snow snow | snow 


Extreme 

snow 


Green roofs 

Classrooms 


Pedestrian 

Assembly 


Light 

Shops 



Vehicular 



Stores 



Miscellaneous 
Public Facilities 



Retail Wholesale 

Penal Bowling Gymnasiums 

institutions alleys Dance halls Armories 

Cell Poolrooms Dining rooms Drill roon 



Cell 

blocks 



Dining rooms Drill rooms 

Restaurants 

Stadiums 

Skating rinks 







LIVE LOAD RANGES FOR STRUCTURAL SYSTEMS 



LIVE LOAD RANGES FOR STRUCTURAL SYSTEMS 



WOOD 



STEEL 



CONCRETE 



CONCRETE 



SYSTEM 


Pages 


Platform Frame 


58-65 


Heavy Timber Frame 


66-77 


Ordinary Construction 


79-90 


Mill Construction 


79-90 


Lightweight Steel Framing 


92-95 


Single-Story Rigid Steel Frame 


105 


Conventional Steel Frame 


96-104 


One-Way Solid Slab 


114-115 

11/1 lie 


One-Way Beam and Slab 


1 i 4— 1 1 0 


One-Way Joists 


116-117 


Two-Way Flat Plate 


118-119 


Two-Way Flat Slab 


120-121 


Waffle Slab 


122-123 


Two-Way Beam and Slab 


118-119 


Solid Slab 


132-133 


Hollow Core Slab 


132-133 


Double Tee 


134-135 


Single Tee 


134-135 



Heavy 

Loads 


Very Heavy 
Loads 


















(Roof loads only) 























































Use the charts on these two pages 
to identify appropriate structural 
systems based on loads generat- 
ed by the activities planned with- 
in the building. Read the chart 
on the facing page first to deter- 
mine the live load range associ- 
ated with the expected building 
use. Once a load range has been 
determined, consult the chart 
on this page to select systems 



that are recommended within that 
range. Roof loads are also cov- 
ered to aid in the selection of roof 
structural systems. 

If a building will have multiple 
uses, read from the chart for the 
higher load range. Or, if the differ- 
ent uses will be physically separate 
within the building, the load ranges 
for each use may be applied to the 
appropriate areas. 
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SOME TYPICAL CHOICES OF STRUCTURAL SYSTEMS FOR 
DIFFERENT BUILDING TYPES 



Use the chart on these two facing pages to identify common structural 
systems used for various building types. 




BUILDING TYPE 

Arenas 

Concert halls 

Hospitals, laboratories 

Industrial & warehouse buildings 

Institutional, small to medium size 

Institutional, large 

Libraries 

Office buildings, small to medium size 

Parking garages 

Places of worship 

Residential, one- and two-family 

Residential, small to medium size 

Residential, large 

Schools 

Shopping malls 
Tall buildings 



WOOD AND MASONRY STEEL 







Theaters 













SOME TYPICAL CHOICES OF STRUCTURAL SYSTEMS FOR 
DIFFERENT BUILDING TYPES 
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CONFIGURING 

THE 

STRUCTURAL 

SYSTEM 



This section will aid you in making a 
preliminary layout of the structural system 
of your building. 



Lateral Stability and Structural Systems 39 
Wall and Slab Systems 42 
Column and Beam Systems 44 
Column and Slab Systems 45 
Tall Building Structures 48 




LATERAL STABILITY AND STRUCTURAL SYSTEMS 



STABILIZING ELEMENTS 

All buildings must be designed to resist lateral forces such as wind and 
earthquake. Three basic structural configurations may be used, either 
singly or in combination: the shear wall, the braced frame, and the rigid 
frame. The choice of the lateral force resisting system and the location of 
its elements will have a strong influence on the form of the building and 
the arrangement of its interior spaces. 

Shear Walls 

Shear walls are solid walls constructed to resist the application of lateral 
forces. Though most often constructed of reinforced concrete, shear walls 
can be made of almost any structural material and range in size from small 
sections of panel-sheathed wood stud walls in residential buildings to 
massive steel and concrete structures in the tallest buildings. In compari- 
son to the other systems described on this page, shear walls are especially 
stiff, making them a good choice wherever a relatively compact arrange- 
ment of stabilizing elements is desired. Shear walls must be mostly solid, 
with limited openings through the wall. To minimize interference with floor 
plan arrangements, shear walls are often incorporated into the building 
core, stair towers, or other vertical structures within the building. Shear 
walls can also be part of the exterior wall, although in this location they 
limit access to daylight and exterior views. 

Braced Frames 

Braced frames are composed of open triangulated frameworks, most often 
constructed of steel or wood. In terms of strength per weight, they are the 
most efficient lateral force-stabilizing system. Like shear walls, braced 
frames are often incorporated into the building core or other vertical 
structures. They can also be part of exterior wall systems, where, in com- 
parison to shear walls, their greater degree of openness results in less of 
an impact on daylight access and views. 




Rigid Frames 

Rigid frames depend on extra-stiff connections in the column-and-beam 
structural framework to resist the effects of lateral forces. These connec- 
tions are most easily constructed in steel or sitecast concrete, though 
often at added cost in comparison to simpler, less rigid connections. Rigid 
connections may also be constructed in precast concrete, though with 
greater difficulty. The absence of solid panels or diagonal bracing makes 
this lateral force-resisting system attractive where the greatest flexibility 
in plan configuration is desired. However, the rigid frame is also the most 
structurally inefficient lateral force-resisting system. It is most suitable for 
low or broad structures requiring relatively modest resistance. In taller 
buildings, it is most frequently used in combination with either shear walls 
or braced frames. In addition, the rigid frame places greater stresses on 
the structural framework. Its application may result in columns and beams 
that are heavier or in columns more closely spaced than would otherwise 
be required. 

Connections with intermediate stiffness, termed semirigid, that are 
less expensive to construct, may also be used in combination with shear 
wall or braced frame lateral force-resisting systems. 



BRACED FRAME 




RIGID FRAME 





LATERAL STABILITY AND STRUCTURAL SYSTEMS 



CONFIGURING STABILIZING ELEMENTS 

The arrangement of shear walls, braced frames, or rigid frames in a 
structure is important to their effectiveness in resisting lateral forces act- 
ing on the building. As illustrated in the adjacent schematic floor plans, 
these elements may be placed within the interior of the building or at the 
perimeter, and they may be combined in a variety of ways. However, they 
must be arranged so as to resist lateral forces acting from all directions. 
This is usually accomplished by aligning one set of stabilizing elements 
along each of the two perpendicular plan axes of the building. Stabilizing 
elements must also be arranged in balanced fashion in relation to the 
mass of the building. Unbalanced arrangements result in the displace- 
ment of the center of resistance of the building away from its center of 
mass. This condition may lead to difficult-to-control building movements 
under lateral load conditions. 

In general, lateral force-resisting elements are heaviest and most 
extensive at the base of a building, and diminish in size and extent as 
they approach the top of the building. In addition, considerations of lat- 
eral stability become increasingly important as the height of the building 
increases. The configuration of stabilizing elements is discussed further 
on the following pages. 




stabilizing elements may be placed 
within the interior or at the perimeter of a 
building. 




Stabilizing elements should be arranged 
in a balanced fashion and to resist lateral 
forces from any direction. 




Avoid unbalanced arrangements of 
stabilizing elements that result in the 
displacement of the center of resistance 
of the building away from its center of 



mass. 









LATERAL STABILITY AND STRUCTURAL SYSTEMS 



SELECTING STABILIZING ELEMENTS 

This chart indicates the methods of resisting lateral forces most common for each structural system. 
More detailed information on the structural systems can be found on the pages noted in the chart. 



STRUCTURAL SYSTEM 


Pages 


Rigid Frame 


Semi-Rigid Joints 
w/Supplemental 
Braced Frame 
or Shear Wall 


Braced Frame 


Shear Wall 


WOOD 


Platform Frame 


58-65 






_ Let-in 
” bracing 


_ Panel 
® sheathing 


Heavy Timber 
Frame 


66-77 


^ Glue 

Laminated 




^ Timber 
* bracing 


_ Diagonal or 
® panel sheathing 


MASONRY 


Ordinary 

Construction 


79-90 








^ Masonry 
•walls 


Mill 

Construction 


79-90 








^ Masonry 
* walls 


STEEL 


Light Gauge Steel 
Framing 


92-95 






_ Strap 
^ bracing 


Panel 

" sheathing 


Single-Story 
Rigid Frame 


105 


_ Parallel to 
* frames only 




^ Perpendicular 
* to frames 




Conventional 
Steel Frame 


96-104 


^ Requires welded 
^ connections 


• 


• 


_ Sitecast 
* concrete 


SITECAST 

CONCRETE 


One-Way 
Solid Slab 


114-115 


_ May require 
added structure 


• 

1 






One-Way 
Beam and Slab 


114-115 


• 








One-Way Joist 


116-117 


• 


• 






Two-Way 
Flat Plate 


118-119 


_ May require 
^ added structure 


O 






Two-Way 
Flat Slab 


120-121 


^May require 
added structure 


• 






Waffle Slab 


122-123 


• 


• 






Two-Way 
Beam and Slab 


118-119 


• 


• 






PRECAST 

CONCRETE 


Solid Slab 


132-133 


With special 
O cormection 
design 




O Uncommon 


• 


Hollow Core Slab 


132-133 


With special 

O connection 
design 




O Uncommon 


• 


Double Tee 


134-135 


With special 
O connection 
design 




O Uncommon 


• 


Single Tee 


134-135 


With special 
O cormection 
design 




O Uncommon 


• 
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• Recommended 

O Feasible in some circumstances, but less common 


















































WALL AND SLAB SYSTEMS 



VERTICAL LOAD-RESISTING ELEMENTS 

Wall and slab systems are composed of loadbearing walls spanned by 
horizontal slabs. The placement of walls is restricted, as they must be 
located to support the loads from slabs and walls above. Due to the sig- 
nificant presence of the walls in the plan of the building, the use of a wall 
and slab system generally implies a close correspondence between the 
structural module and the planning of building functions. In addition, eco- 
nomic considerations usually dictate that the arrangement of walls be as 
uniform as possible, making this system particularly attractive for building 
types that require regular arrangements of uniformly sized spaces, such as 
apartments, schools, and hotels. 



LATERAL LOAD-RESISTING ELEMENTS 

The regularly placed structural walls used in this system are often well 
suited to acting as shear walls for lateral stability. They may be used alone 
or combined with rigid frames or braced frames, for instance, where struc- 
tural walls run in only one direction in a building. 

When used alone, shear walls must be arranged to resist lateral forces 
in all directions, such as in some variation of a complete or partial box 
42 form. Shear walls should always be placed as symmetrically as possible in 
the building plan, particularly in taller buildings. The sizes and spacing of 
openings in shear walls generally need to be restricted as well. 



SYSTEMS WELL SUITED TO WALL AND SLAB FRAMING 

Bearing walls of any type may be used to create wall and slab structural 
systems. See the following sections for more information: 



Systems 


Pages 


Wood Stud Walls 


58-59 


Brick Masonry Walls 


82-83 


Concrete Masonry Walls 


88-89 


Lightweight Steel Stud Walls 


92-93 


Sitecast Concrete Walls 


110-111 


Precast Concrete Wall Panels 


128-129 




WALL AND SLAB SYSTEMS 
(shown from below) 




Shear walls may be arranged in a box form 
to resist lateral forces from all directions. 




When combined with other stabilizing 
mechanisms, shear walls may be 
arranged so as to resist forces in only 
one direction. 




WALL AND SLAB SYSTEMS 



WALL AND SLAB SYSTEM LAYOUTS 

The distance between walls is equal to the span of the slab or floor system 
supported by the walls. Walls can be any length but are required wherever 
slabs are supported. Where necessary, openings in walls can be made by 
including beams over such openings to carry loads from above. In multi- 
story buildings, the locations of bearing walls should coincide from floor 
to floor. However, where it is desirable to omit bearing walls from a lower 
floor, it may be possible to design the wall above as a deep beam sup- 
ported at its ends only. 

Wall and slab systems can be combined with column systems to per- 
mit greater open areas in a plan. Wherever possible, keep walls in loca- 
tions that are most desirable for lateral load resistance. 




In wall and slab systems, the distance 
between walls is equal to the span of the 
slab above. Openings in walls may be 
made when beams are added to carry 
loads from above. 



U 

s 

u 

M 

M 

t3 

u 

C 

o 

u 



43 




Bearing wails may act as deep beams to 
span across openings below, as shown in 
this schematic cross section. 




Bearing wall and column systems may 
be combined for more flexibility in plan 
layouts. 




COLUMN AND BEAM SYSTEMS 



VERTICAL LOAD-RESISTING ELEMENTS 

Column and beam systems are composed of vertical columns, horizontally 
spanning girders and beams, and slabs spanning between the beams. The 
columns in this system have less impact than loadbearing walls on the 
planning of spaces within a building. Where the sizes of interior spaces of 
a building do not correspond with a structural module, where maximum 
open space is desired, or where a high degree of flexibility in the use of 
space over time is desired, column and beam systems are a good choice. 
Compared to column and slab systems, column and beam systems are 
also practical over a greater range of spans and bay proportions. 




LATERAL LOAD-RESISTING ELEMENTS 

Column and beam systems of steel frame or sitecast concrete construction 
are well suited to rigid frame action. When used in this way, rigid joints 
are required at some or all column-to-beam connections. In sitecast con- 
crete, rigid joints are produced as a normal feature of the system. In steel, 
rigid connections are generally more expensive to construct. Rigid joints 
are difficult to construct and are less frequently used in precast concrete 
structures. Because no added bracing or shear walls are required, rigid 
44 frame systems may be preferred for their minimal interference with the 
plan of a building. However, the use of rigid frames generally restricts col- 
umn placements to regular orthogonal layouts, and often requires deeper 
beams and more closely spaced and larger columns than would otherwise 
be required with either braced frame or shear wall systems. Rigid frames 
are normally not well suited for structures with unusually long spans or 
tall columns. 

When braced frames or shear walls are used for lateral stability, col- 
umns and beams may be joined with simpler hinged connections, such 
as the bolted connections normally used in steel and timber structures or 
the flexible welded connections used in precast concrete. The stabilizing 
braces or walls may be located within the interior of the building or at 
the perimeter, but they must be placed so as to resist lateral forces in all 
directions. Building cores or stair towers housing vertical circulation or 
other systems often can be designed to incorporate such elements, thus 
eliminating their intrusion into the remainder of the building floor plan. 
When located at the perimeter of the structure, these elements may influ- 
ence the design of the building facade. 



COLUMN AND BEAM SYSTEMS 
(shown from below) 





Rigid frame structures require no addi- 
tional bracing or shear wails, as shown in 
this elevation and plan. 





The locations of braced frames or shear 
walls must be considered in relation to 
the elevation and plan of a building. 






COLUMN AND BEAM SYSTEMS 



SYSTEMS WELL SUITED TO COLUMN AND BEAM 
FRAMING 

Information on column and beam systems may be found in the following 
sections: 



Systems Pages 



Wood Beams 70-71 

Steel Beams and Girders 102-103 

Sitecast Concrete Beams and Girders 1 12-1 13 

Precast Concrete Beams and Girders 130-131 



COLUMN AND BEAM 
SYSTEM LAYOUTS 

Columns are located on the lines of the beams above. Although column 
spacings may vary within the limits of the spanning capacity of the beams, 
for reasons of economy, columns are typically restricted to some regular 
gridded arrangement. 

Various combinations of beams and slabs are possible. Beams can span 
in one direction only, with slabs spanning perpendicular to them. With this 
arrangement, column spacing in one direction is equal to the span of the 
beams; in the other direction, it is equal to the span of the slabs. 

More flexibility in the location of columns can be achieved with beams 
spanning in both directions. Deeper beams, termed girders, span the col- 
umns. The girders, in turn, support shallower secondary beams, spanning 
perpendicular to them. Finally, the distance between the secondary beams 
is spanned by the slab. Column spacings with such beam and girder 
arrangements are limited only by the spanning capacity of the beams in 
either direction. The choice of the direction of the span of the girders and 
beams in such a structure can be influenced by a variety of factors, includ- 
ing the relative structural efficiency of either arrangement, the lateral 
stability requirements for the overall structure, and the integration of the 
floor structure with other building systems such as electrical wiring in the 
slab or ducts and piping running beneath the floor framing. These consid- 
erations are covered in more detail in the sections of this book that discuss 
specific structural or mechanical systems. 





Beams span both directions in beam and 
girder systems. 




COLUMN AND SLAB SYSTEMS 



VERTICAL LOAD-RESISTING ELEMENTS 

Column and slab systems are composed of vertical columns directly sup- 
porting horizontally spanning slabs without intermediary beams. As with 
column and beam systems, the reliance on columns for vertical load sup- 
port permits greater independence between the building plan and the 
structural system. The absence of beams in column and slab systems may 
permit even greater flexibility in column placements than with column and 
beam systems, because columns are not restricted to beam lines. Column 
and slab systems may also be attractive economically due to the simpli- 
fication of construction techniques and the reduction in total floor depths 
that they make possible. As discussed below, most column and slab sys- 
tems are constructed of sitecast concrete. 




COLUMN AND SLAB SYSTEMS 
(shown from below) 



LATERAL LOAD-RESISTING ELEMENTS 

Rigid frame action is sometimes possible in column and slab systems, 
although its effectiveness depends on the depth of the slab, particularly 
in the areas close to the columns. Where large lateral forces are expected 
in systems with shallow slabs, a deepening of the slab or the addition of 
structural beams between columns may be required to achieve sufficient 
46 lateral force resistance. 

Shear walls or braced frames may also be used to develop lateral 
resistance in column and slab systems. These elements may be used 
either as the sole means of lateral bracing or as enhancements to the rigid 
frame action of the system. They may be located within the interior of the 
building or at the perimeter, but they must be placed so as to resist lateral 
forces in all directions. The locations of interior elements must be coordi- 
nated with the building plan. Building cores housing vertical circulation or 
other systems can often be easily designed to incorporate such elements, 
thus eliminating their intrusion from the remainder of the floor plan. When 
located at the perimeter of the structure, shear walls or braces may influ- 
ence the design of the building facade. 




As shown in this elevation and plan, rigid 
frame action is possible with column and 
slab systems, although its effectiveness 
may be limited. 



SYSTEMS WELL SUITED TO COLUMN 
AND SLAB FRAMING 

Conventional structural systems that are configured as column and slab 
systems are metal space frame, and a number of sitecast concrete systems, 
including two-way flat plate, two-way flat slab, and either one-way joist or 
waffle slab construction (when these two systems are used with shallow 
beams that do not extend below the surface of the ribs). For further infor- 
mation, see the following sections: 



Systems Pages 



Sitecast Concrete Two-Way Flat Plate 118-119 

Sitecast Concrete Two-Way Flat Slab 120-121 

Sitecast Concrete One-Way Joists 116-117 

Sitecast Concrete Waffle Slab 122-123 




Shear walls are frequently used with col- 
umn and slab systems. In this elevation 
and plan, the shear walls are shown incor- 
porated into a pair of vertical cores. 






COLUMN AND SLAB SYSTEMS 



COLUMN AND SLAB SYSTEM LAYOUTS 

Column spacing in either direction is equal to the span of the slab. For 
maximum economy and structural efficiency, column bays should be 
roughly square in proportion and columns should be arranged along 
regularly spaced bearing lines. However, where driven by design consid- 
erations, column and slab systems can often more readily tolerate devia- 
tions in standard column placements, variations in bay sizes, and irregular 
plans shapes than other framing systems. 



STRUCTURAL LIMITATIONS OF COLUMN AND SLAB 
SYSTEMS 

The absence of beams in sitecast concrete flat plate and flat slab construc- 
tion imposes some limits on the structural performance of these systems. 
The relatively shallow depth of the joint between the columns and slabs 
can restrict their vertical load-carrying capacity and limit their resistance 
to lateral forces. Though the addition of beams to these systems adds 
substantially to construction costs, it may be a practical alternative where 
longer spans are required, very heavy loads must be carried, or additional 
lateral resistance is needed and the use of shear walls or braced frames is 
undesirable. Such configurations are covered in more detail in the sections 
describing these structural systems. 




In column and slab systems, the span of 
the slab is equal to the column spacing in 
either direction. 




The absence of beams in column and slab 
systems facilitates irregular column lay- 
outs or plan shapes. 




TALL BUILDING STRUCTURES 



THE DESIGN OF TALL BUILDING STRUCTURES 

As a building’s height increases, the design of its structural system 
becomes increasingly specialized. Factors that may influence the selec- 
tion, form, and configuration of a tall building structure include the cumu- 
lative effect of large vertical loads; site-specific conditions related to 
wind, earthquake, and soils; the regional availability and costs of various 
construction systems; and spatial requirements of the building program. 
The information on the following pages describes structural options avail- 
able for a tall building design in relation to some of these considerations. 
However, it cannot fully address them all. For this reason, the design of 
such structures should also include the participation of the structural 
designer from the earliest phases of design. 



VERTICAL LOAD-RESISTING SYSTEMS 




Major loadbearing elements should be 
continuous vertically to the foundations of 
the building. 



The vertical load-resisting systems for mid- and high-rise buildings are 
essentially variations on those for low-rise structures described on the 
previous pages. In the tallest buildings, column and beam systems are 
most common due to their efficient use of space, structural versatility, and 
ease of construction. 

48 Because of the large gravity loads associated with taller structures, 
special care should be taken that major structural elements are not inter- 
rupted vertically. To the greatest extent possible, building core structures, 
columns, and other loadbearing elements should extend continuously to 
the foundation, and should avoid offsets from floor to floor or other vertical 
discontinuities. 

Nevertheless, conditions may arise in which not all loadbearing ele- 
ments can have direct and continuous paths to the building’s foundation: 
In very tall buildings, it is often structurally advantageous to redistribute 
vertical loads outward toward the building corners to increase resistance 
to overturning; larger open spaces in lower floors, such as commercial 
areas, public auditoriums, lobbies, or atria, may require column-free con- 
figurations that interrupt the paths of structural elements from above; or 
other variations in program requirements or building massing may neces- 
sitate significant shifts in the arrangement of structural elements. In such 
cases, where only minor changes in load paths are required, columns may 
be subtly sloped or shifted between floors. Where more significant redis- 
tributions of load are required, transfer beams or heavy, long-span truss 
structures may be used. In other cases, changes in the selection of struc- 
tural system or its basic configuration and design may be appropriate. 
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Transfer beams or trusses may be used to 
interrupt vertical loadbearing elements 
where necessary. 




TALL BUILDING STRUCTURES 



LATERAL LOAD-RESISTING SYSTEMS 

Increasing the height of a building increases especially its sensitivity to 
wind and earthquake forces. The taller the building, the more these forces 
will dictate the design of the structure, and the more the influence of these 
forces on building form should be considered during preliminary design. 
The following guidelines are particularly important in the design of very 
tall buildings. 

As building height increases, expect the lateral support system to 
increase in prominence within the design. Lateral force-resisting elements 
may become heavier, may be more closely spaced, or may increase in 
horizontal extent, and the choice of suitable systems and their configura- 
tion may become more constrained. 

Designs that are asymmetric in plan, that are unbalanced in their mass- 
ing, or that have irregular arrangements of stabilizing elements become 
increasingly problematic in taller buildings. Under the influence of lateral 
loads, these conditions can lead to difficult-to-control building motions 
or excessive stresses in structural elements. These conditions should be 
avoided to the maximum extent possible. 

Where large buildings are composed of discrete masses, each part 
can be expected to move differently under the conditions associated with 
lateral loads. The leg of an L-shaped building, the stem of a T-shaped build- 
ing, a tower offset to one corner of a wider base, or other such irregular 
arrangements are prone to adverse interactions under dynamic conditions. 
Where such conditions occur, each mass should be designed as an inde- 
pendent structure, with substantial joints between the abutting masses that 
can safely absorb differential movements between them. 

Buildings of inherently unstable massing or form should be avoided. 
Large or irregular openings in floor plates are detrimental, especially 
those constituting 50% or more of the overall floor area. Discontinuities in 
the stiffness of a structure at different levels should be avoided. For exam- 
ple, an open space with long horizontal spans at the base of a tall building 
can produce excessive flexibility or weakness at that level. If such a “soft 
story” cannot be avoided, extra care to provide adequate lateral support 
at that level may be required. 

Tall buildings may interact with the wind in a variety of ways that do 
not lend themselves to simple generalizations. Wind forces can cause 
excessive deflection or twisting of the building structure, lateral accelera- 
tions that are uncomfortable for occupants, or localized areas of high pres- 
sure acting on the facade. As the wind moves over and around the building, 
it can also cause uncomfortably high air speeds at the base of the building 
or other nearby areas, or have secondary impacts on downwind structures. 
Because of the complexity of these effects, designs for very tall buildings 
are typically subject to mathematical wind modeling and wind tunnel test- 
ing even at early phases of design. The results of this modeling and test- 
ing are used to minimize adverse effects through adjustments in building 
massing, structural response, facade orientation, and surface articulation. 




Discrete building masses should be struc- 
turally independent. Inherently unstable 
building masses should be avoided. 
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Discontinuities in the stiffness of struc- 
tures at different levels should be avoided, 
or additional stabilizing elements may be 
required. 
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building height increases, the three basic systems of lateral force 
resistance — shear wall, braced frame, and rigid frame — may be employed 
in unique ways. The following tall building configurations are presented 
in order of suitability for structures of increasing height. The adjacent 
diagrams illustrate schematically in both plan and section each of the con- 
figurations described. 



CONVENTIONAL STRUCTURAL CONFIGURATIONS 

The conventional arrangements of stabilizing elements used in low-rise 
buildings may be extended for use in buildings up to 20 to 25 stories in 
height. The same considerations that apply to low-rise buildings apply to 
taller buildings as well: Stabilizing elements should be arranged so as to 
resist lateral forces along all major axes of the building. These elements 
should be arranged in a balanced manner either within the building or 
at the perimeter. And such elements must be integrated with the building 
plan or elevation. 

Shear walls and braced frames are the stabilizing elements most com- 
monly used in buildings of this height, due to their structural efficiency. 
They may be used either separately or in combination. The use of rigid 
QQ frame systems as the sole means of achieving lateral stability may be fea- 
— sible in buildings up to 15-20 stories in height in areas of low seismic activ- 
ity, or somewhat less in height in areas of greater seismic activity. However, 
even where feasible, rigid frame structures may be a less attractive option 
due to the greater difficulty of their fabrication and the increased size of the 
beams and columns required. More commonly in buildings of this height, 
rigid frame components are used in combination with either shear walls or 
braced frames to enhance the lateral resistance of the structure as a whole. 



CORE STRUCTURES 

Core structures are the most commonly used system to stabilize tall build- 
ings. The enclosures at the center of the building, used to house vertical 
circulation and other building systems, are structured to also serve as 
stabilizing elements. One of the principal advantages of core structures 
is that with the placement of the resisting elements in the building core, 
interference with the surrounding usable space is minimized. In concrete 
construction, core walls already intended to enclose building systems can 
easily be designed to also act as shear walls. In steel construction, core 
structures are usually designed as braced frames. 

A single core servicing an entire building should be located at the 
center of the building. In buildings with more than one core, the cores 
should be located symmetrically in the building plan so as to provide bal- 
anced resistance under lateral loads from any direction. Cores typically 
comprise approximately 20%-25% of the total floor area of a mid- or high- 
rise building. They should be formed as closed elements, approximately 
square or cylindrical, with openings into the core kept to a minimum. 

Simple core structures can be used in buildings as high as 35 to 40 sto- 
ries. Core structures can also be enhanced structurally with hat trusses (at 
the top of the structure) or belt trusses (at points lower down) that engage 
the perimeter’s structural elements in the resistance to lateral loads, thus 
improving the performance of the building as a whole. These elements 
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may become aesthetically expressed on the building facade or may be 
preferred locations for mechanical floors. Columns at the perimeter of 
the building may also increase in size with these systems. These core- 
interactive structures are suitable for buildings up to approximately 60 
stories in height. 

For further information on the design of building cores to accommo- 
date mechanical and circulation systems, see pages 190-192. 



TUBE STRUCTURES 

Many of the world’s tallest buildings are designed as tube structures. In this 
system, stabilizing elements are located at the perimeter of the structure, 
leaving the layout of the interior of the building unrestricted by consider- 
ations of lateral stability. Either braced frame or rigid frame elements, con- 
structed from either steel or concrete, may be used. Simple tube structures 
and their variations are generally suitable for buildings approximately 55 
stories or greater in height. 

The use of rigid frame tubes may affect the size and spacing of framing 
elements at the perimeter of the building. Beams may need to be deeper 
and columns may need to be larger and more closely spaced than would 
otherwise be required. When building in steel, the welded joints required 
in this system may be more costly to construct, although construction 
systems have been developed that allow the off-site fabrication of these 
joints, minimizing this disadvantage. And as with core structures, the per- 
formance of rigid frame tubes may be enhanced with hat trusses or belt 
trusses integrated within the perimeter structure. 

Braced frame tubes are highly structurally efficient lateral load-resist- 
ing configurations. When built in steel, these structures rely on more easily 
constructed hinged connections. The diagonal braces that are an integral 
part of this system often have a significant impact on the appearance of the 
building facade. 

Variations on the tube structure and other tall building configurations 
are also possible. Tube-in-tube structures allow perimeter tubes to interact 
with rigid cores. Bundled tube structures allow greater variation in build- 
ing massing. Space truss structures are similar to braced tubes, with the 
addition of large-scale diagonals that pass through the building’s interior. 
Diagrid structures rely on latticed frameworks that carry both vertical and 
lateral loads, with few or no vertical columns. 




BRACED FRAME TUBE 



PRACTICAL LIMITS ON THE HEIGHT OF TALL 
BUILDINGS 

At the time of this writing, the world’s tallest completed building is Dubai’s 
Burj Khalifa Tower, with 1 60 habitable floors and a height of 27 1 7 ft (828 m) . 
For most of its height, this building is constructed as a sitecast concrete flat 
plate, wall and slab structure. For lateral stability, this structure relies on 
a central concrete core buttressed by heavy shear walls radiating to the 
tower extremities. 

When considering the width of tall buildings, those with a slenderness 
ratio of 5 or more (ratio of the height to least plan dimension at the base 
of the building) should be considered increasingly challenging from the 
point of view of ensuring lateral stability. The most slender tall buildings 
are 10 to 15 times as tall as they are wide. 
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RIGID FRAME TUBE WITH BELT TRUSSES 
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SPECIAL 

CONSIDERATIONS IN 
THE DESIGN OF TALL 
STRUCTURES 

Steel Structural Systems 

Structural steel is well suited to 
the construction of tall buildings. 
The light weight of steel in relation 
to its strength results in a build- 
ing of relatively low mass, thereby 
reducing the amount of structure 
and foundation required to support 
the weight of the building itself. 
This characteristic also results in 
columns and other structural ele- 
ments of lesser size, minimizing 
their consumption of space within 
the building that could otherwise 
be productively used by its occu- 
02 pants or devoted to other building 
— systems. 

Structural steel also has par- 
ticular advantages for buildings 
located in areas of high seismic 
activity. A lower-mass structure 
experiences lower forces during 
an earthquake. In addition, the high 
ductility of steel (its ability to resist 
repeated high levels of stress with- 
out failure) allows for the design 
of a structure capable of resisting 
extreme loads and dissipating the 
large quantities of dynamic ener- 
gy imparted to it during sustained 
earthquake shaking. Designing 
a building frame that takes full 
advantage of these characteristics 
will result in a structure that is flex- 
ible, resilient, and capable of safely 
withstanding severe seismic events. 

Concrete Structural 
Systems 

In comparison to structural steel, 
concrete is a more massive and less 
ductile material. For these reasons, 
it has traditionally been consid- 
ered to be at a disadvantage for the 
design of tall buildings. Especially 



when the effects of earthquake 
loads are considered, the higher 
mass of concrete implies higher 
forces acting on the structure. This 
material’s lesser ductility also 
makes it less capable of absorb- 
ing the dynamic energy imparted 
to it during sustained earthquake 
loading. However, in recent years, 
higher-strength concretes have 
been developed, and a better 
understanding has been gained 
of the design of steel reinforcing 
to create ductility within a con- 
crete structure. With these devel- 
opments, concrete’s disadvantages 
in comparison to steel have been 
minimized, and it remains a viable 
choice as a structural material for 
buildings of any height. 

Concrete’s unique character- 
istics can also be advantageous. 
Concrete is tough and resistant to 
impact, and unlike steel, it usually 
does not require a separate cover- 
ing to protect it from the heat of 
building fires. Because concrete 
structures typically undergo small- 
er deflections than ones construct- 
ed of structural steel, the detailing 
of connections to nonstructural ele- 
ments such as cladding and parti- 
tions may be simplified, and the 
performance of these elements 
under severe load conditions may 
be less problematic. The great stiff- 
ness of concrete shear walls is well 
suited to structures where there is 
a desire to keep the stabilizing ele- 
ments compact, and to very slen- 
der structures where there is insuf- 
ficient depth to make effective use 
of alternative stabilizing systems. 
Even in areas of high seismicity, 
the greater stiffness of concrete 
structures may be well suited to 
building sites where ground move- 
ments associated with earthquakes 
are such that the shorter period 
of vibration of a stiffer structure is 
advantageous. 



Concrete is also frequently 
used together with steel in ways 
that exploit the attributes of both 
materials simultaneously. For 
example, composite columns made 
of steel box shapes filled with high- 
strength concrete can achieve very 
high load-carrying capacity. Such 
composite columns form a primary 
structural element in one of the 
world’s tallest buildings, the Taipei 
101. At the base of this building, 
each of eight “supercolumns” mea- 
sures almost 8 X 10 ft (2.4 X 3.0 
m) in section. Even in building 
structures nominally described as 
steel, concrete core structures and 
floor systems commonly play criti- 
cal roles as well. 

Damping Mechanisms for 
Resisting Lateral Forces 

A tall building structure’s response 
to the effects of wind or earth- 
quake can be enhanced with 
devices designed to dampen the 
movements imparted to it by these 
loads. Viscous dampers are shock- 
absorber-like devices. They may 
be incorporated into parts of the 
building frame, where they can 
reduce building deflections dur- 
ing high lateral loading as well 
as increase the structure’s energy- 
absorbing capacity. 

Viscous dampers may also be 
combined with a system of base 
isolators at the foundation of the 
building. This arrangement allows 
a degree of separation between 
the building structure and the 
ground upon which it rests. In the 
event of an earthquake, a signifi- 
cant portion of the ground motion 
that occurs is never transmitted 
into the building structure at all. 
Meanwhile, the dampers act to 
prevent the structure from drifting 
beyond the physical limits of the 
isolation system. In severe earth- 
quake zones, base isolation and 
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damper systems accommodating 
displacements of up to 30 in. (760 
mm) or more may be used. When 
considering base isolation systems, 
the designer should make allow- 
ance for the displacements that 
are to be expected between the 
building and the adjacent ground. 
Utility lines will require flexible 
connections where they enter the 
foundation. Connections to exterior 
stairs, plazas, sidewalks, and adja- 
cent buildings must also be able 
to accommodate the differential 
movements that this system allows. 

Tuned mass dampers may 
be used to control deflection or 
“side sway” in tall buildings. These 
are heavy masses, suspended, 
pendulum-like, within the build- 
ing structure, usually near its top. 



and connected to it by an array 
of dampers similar to those dis- 
cussed above. As wind forces act 
to deflect the structure sideways, 
the inertia of the suspended mass 
resists these movements and 
reduces the magnitude of the side- 
ways deflection. The rates at which 
the structure accelerates as it peri- 
odically reverses its sway can also 
be reduced, an important consid- 
eration for occupant comfort. More 
recently, tuned liquid dampers con- 
sisting of water tanks with special- 
ly configured internal chambers 
and baffles have been designed to 
work in a similar manner. 

Active dampers rely on sensors 
placed near the top of the building 
structure that measure accelera- 
tions in real time. This information 



is processed and then used to com- 
mand hydraulic activators that exert 
counteracting forces on portions of 
the structure, thereby controlling 
structural movements. Active sys- 
tems may not be suitable for use g 
in areas of high seismic activity, w 
where loss of power during earth- ^ 
quakes could render the system j 
inoperable. S 

Such dampening systems can 
be useful in very tall buildings g 
where the discomfort caused by ^ 
building sway frequently becomes w 
the controlling factor in the struc- ^ 
tural design. By reducing lateral g 

deflections and lessening accel- g 

erations, these systems allow sat- g 
isfactory structural performance g 

in structures of less weight and ® 

lower cost. 
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SIZING THE 

STRUCTURAL 

SYSTEM 



This section will assist you in assigning 
approximate sizes to structural elements. 
Additional information on designing and building 
with each structural system is also provided. 
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Wood construction typically takes 
one of two distinct forms: Wood 
Light Frame Construction uses rela- 
tively thin, closely spaced mem- 
bers to form walls, floors, and roofs 
in a system also called platform 
frame construction. Heavy Timber 
Construction uses larger members 
configured as a post and beam sys- 
tem. Both of these systems are fully 
treated in this section. 

Both Wood Light Frame and 
Heavy Timber Construction can be 
combined with masonry construc- 
tion for increased fire resistance 
and load capacity. These systems 
are more fully described under 
Masonry Structural Systems, begin- 
ning on page 79. 



framing members are small, it is 
also well suited for use where 
irregular forms are desired. Where 
economy is a primary concern, 
the use of a 2- or 4-ft (600- or 1200- 
mm) modular plan dimension 
will reduce waste. Platform Frame 
Construction easily and unob- 
trusively incorporates mechani- 
cal systems and other building 
services. 

Platform framing is a wall and 
slab system. Lateral bracing may 
be supplied either by shear wall 
or braced frame action of the walls. 
Information on the components of 
Platform Frame Construction can 
be found on pages 58-65. 



PLATFORM FRAME 
CONSTRUCTION 

Platform Frame Construction is an 
economical and flexible building 
system. It is used extensively for 
single-family and multifamily hous- 
ing, as well as for low-rise residen- 
tial buildings and small commercial 
structures. 

Because this system is largely 
fabricated on-site and individual 



HEAVY TIMBER 
CONSTRUCTION 

Heavy Timber Construction is 
characterized by good fire resis- 
tance (it has a higher fire rating 
than unprotected steel), high load 
capacity, and the unique aesthet- 
ic qualities of the exposed wood 
frame. The framing members for 
Heavy Timber Construction may 
be either solid wood or glue- 
laminated. Heavy timber frames 



are used for low-rise commercial 
and industrial buildings and in 
residential construction. Because 
the framing members are typical- 
ly prefabricated, on-site erection 
times can be rapid with this sys- 
tem. However, the larger sizes of 
the framing members make this g 
system less suitable than plat- w 
form framing for structures that ^ 
are highly irregular in form or j 
layout. Mechanical and electrical 3 
systems are also often less easily g 
concealed in this system. § 

As in platform framing, econ- « 
omy of construction may be maxi- n 
mized with the use of a 2- or 4-ft o 
(600- or 1200-m) design module § 
when planning a timber frame S 
structure. 

Timber frames may be stabi- 5^ 
lized laterally by the shear resis- 
tance of the walls or panels used 
to enclose the frame or with diago- 
nal bracing elements. The masonry 
bearing walls of Ordinary or Mill 
Construction (page 79) are also 
well suited to acting as shear walls. 
Information on the components of 
Heavy Timber Construction can be 
found on pages 66-77. 
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WOOD STUD WALLS— CONVENTIONAL CONSTRUCTION 



Use the diagram below to select a wood stud size and spacing for conven- 
tional low-rise light wood frame residences and buildings. For wood stud 
walls designed for a wider variety of loading and span conditions, use the 
charts on the opposite page. 




ACTUAL SIZES OF WALL STUDS 



Nominal 

Size Actual Size 



2X4 r/2" X 3V2" (38 X 89 mm) 

2X6 P/2" X 5/2" (38 X 140 mm) 

2X8 r/2" X 7%" (38 X 184 mm) 



WOOD STRENGTH 

When reading the charts on the opposite page, examples of strong 
woods include Select Structural grades of Douglas Fir, Larch, Hemlock, or 
Southern Pine. Examples of average-strength woods include No. 2 grades 
of Hem-Fir or Spruce-Pine-Fir. For other species and grade combinations 
of intermediate strength, you may interpolate between the results charted 
for these two groups. 



SPACING OF WALL STUDS 

Wall studs are most commonly spaced at 16 or 24 in. (400 or 600 mm) on 
center. A 12-in. (300-mm) spacing may be used where greater loads must 
be supported. Studs should always be spaced within a 4-ft (1200-mm) 
module in order to coordinate with the standard width of various sheathing 
and wallboard products that are commonly used with this type of construc- 
tion. 



FIRE-RESISTANCE RATINGS FOR WOOD STUDS 

Wood stud walls may be used in Ordinary Construction and Wood Light 
Frame Construction. Framing covered with one layer of %-in. (16-mm) 
Type X gypsum wallboard or its equivalent on each side can achieve a 
1-hour fire-resistance rating. With two layers on each side, a 2-hour rating 
can be achieved. 







Unbraced height of studs Total loaded width 



WOOD STUD WALLS 



WOOD STUDS— 
NORMAL HEIGHT 




38 ^ 89 mm 38 x140 mm 38x 184 mm 
Nominal stud size 



WOOD STUDS— TALL 




38 X 89 mm 38 x 140 mm 38 x 184 mm 
Nominal stud size 
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The top chart is for loadbear- 
ing wood stud walls up to 10 ft 
(3.0 m) in height. For each nominal 
stud size, read from the right-hand 
bar for strong woods or from the 
left-hand bar for average-strength 
woods. Read in the top open areas 
for light loads or in the lower solid 
areas for medium loads. Total load- 
ed width is the tributary width of 
one floor (one-half of its span) mul- 
tiplied by the number of floors and 
roof above the wall. 

For stud walls taller than 10 ft 
(3.0 m), read from both charts on 
this page, using the larger size 
indicated by either chart. Unbraced 
height of studs is the vertical dis- 
tance between floors or other sup- 
ports that brace the studs laterally 
against buckling. 

■ On the lower chart, for strong 
woods, light loads, and close stud 
spacing, read toward the top in 
the indicated areas. For average- 
strength woods, heavy loads, and 
greater stud spacing, read toward 
the bottom. 

■ Wall height may be increased 
with the addition of intermediate 
bracing perpendicular to the wall 
plane. 



SIZING THE STRUCTURAL SYSTEM 






WOOD FLOOR JOISTS 



ACTUAL SIZES OF FLOOR JOISTS 

For the actual size of solid wood joists, read from the following table. I-joists 



are listed in actual size. 


Nominal Size 


Actual Size 




2X6 


1!4" X 5‘/2" 


(38 X 140 mm) 


2X8 


VA" X TA" 


(38 X 184 mm) 


2 X 10 


VA" X QVA 


(38 X 235 mm) 


2 X 12 


r/ 2 " X 11%" 


(38 X 286 mm) 



TOTAL FINISHED FLOOR THICKNESS 

To estimate total finished floor thickness, add 2 to 3 in. (50 to 75 mm) to the 
actual joist size to account for conventional subflooring and finish materials. 



BEAMS SUPPORTING FLOOR FRAMING 



Wood Beams 

For sizing wood beams, see the chart on page 71. To determine clearance 
under a wood beam, assume that the top of the beam is level with the top 
of the floor joists. 

Steel Beams 



Beam Size 


Approximate Depth of Beam 


Span of Beam 


W8 


8" (205 mm) 


8'-13' (2.4-4.0m) 


WIO 


10" (255 mm) 


10'-16' (3.0-4.9m) 


W12 


12" (305 mm) 


12'-18' (3. 7-5.5 m) 



For lightly loaded beams, use the longer spans indicated. For heav- 
ily loaded beams, use the shorter spans. To determine clearance under 
a steel beam, assume that the top of the beam is level with the top of the 
foundation wall. 



FIRE-RESISTANCE RATINGS FOR WOOD LIGHT FRAME 
JOISTS 

Wood floor joists may be used in Ordinary Construction and Wood Light 
Frame Construction. Floor/ceiling assemblies framed with solid wood joists 
and nominal 1-in. (19-mm) subflooring and finish flooring can achieve a 
1-hour fire-resistance rating when the underside of the framing is finished 
with %-in. (16-mm) Type X gypsum board or its equivalent. With I-joist 
framing, %-in. (16-mm) furring channels may also be required. A 2-hour 
rating can be achieved with either solid or I-joist framing with two layers of 
%-in. (16-mm) Type X gypsum board and %-in. (16-mm) furring channels. 



K U -T ^ 

Clearance 



JOISTS WITH WOOD FLOOR BEAM 




Clearance 



JOISTS WITH STEEL FLOOR BEAM 







Nominal joist size 



WOOD FLOOR JOISTS 



SOLID WOOD JOISTS 



-Strong woods 
-Normal woods 



-12" (300 mm) o.c. 
-16" (400 mm) o.c. 
-24" (600 mm) o.c. 



The top chart is for solid wood 
floor joists with residential floor 
loads. For joists supporting only 
attic loads, decrease the indicated 
size by one or two sizes. For larger 
loads, increase the indicated joist 
size by one or two sizes. 

■ Read from the top, middle, or 
bottom bars for 12-in., 16-in., or 
24-in. (300-, 400-, or 600-mm) joist 
spacings, respectively. 

■ Read in the open bar areas for 
strong woods, such as Douglas 
Fir, Larch, Southern Pine, and Oak. 
Read in the solid bar areas for 
average-strength woods. 



16" 
406 mm 



14" 
356 mm 



11^ Is" 
302 mm 



Odz"' 
235 mm. 



WOOD I-JOISTS 

















32'-8" (lO.Omjl 


^ ' 



-Heavy joists 
-Light joists 



-12" (300mm) o.c. 
-16" (400 mm) o.c. 
-24" (600 mm) o.c. 



The bottom chart is for wood 
1-joists with residential floor loads. 
For joists supporting only attic 
loads, decrease the indicated size 
by one or two sizes. For larger 
loads, increase the indicated joist 
size by one or two sizes. 

■ Read from the top, middle, or 
bottom bars for 12-in., 16-in., or 
24-in. (300-, 400-, or 600-mm) joist 
spacings, respectively. 

■ Read in the open bar areas for 
heavy- and medium- weight 1-joists. 
Read in the solid bar areas for 
lightweight 1-joists. 
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WOOD ROOF RAFTERS 



ACTUAL SIZES OF ROOF RAFTERS 

For the actual size of solid wood rafters, read from the following table. 
1-joists are listed in actual size. 



Nominal Size Actual Size 



2X4 VA" X 3 / 2 " (38 X 89 mm) 

2X6 lA" X 5/2" (38 X 140 mm) 

2X8 l‘/ 2 " X 7%" (38 X 184 mm) 

2 XIO r/2" X 9 / 4 " (38 X 235 mm) 




TIES OR BEAMS 
SUPPORTING ROOF RAFTERS 

Rafter ties connecting rafters at their bases may be sized either as floor 
joists, if they are intended to support habitable space, or as ceiling joists, 
if they are supporting attic loads only. See pages 60-6 1 . 

Structural ridge beams can eliminate the need for ties at the base of 
the rafters. See page 71 for sizing wood beams. 




FIRE-RESISTANCE RATINGS FOR WOOD LIGHT FRAME 
RAFTERS 



Wood roof rafters may be used in Ordinary Construction and Wood Light 
Frame Construction. A 1-hour fire-resistance rating can be achieved with 
two layers of %-in. (16-mm) Type X gypsum board or its equivalent applied 
to the underside of the framing. 





Nominal rafter size 



WOOD ROOF RAFTERS 



2X12 
38 X 286 mm 



2X10 
38 X 235 mm 



2X8 
38 XI 84 mm 



2X6 
38X140 mm 



2X4 
38 X 89 mm 




0 6' 12' 18' 24' 



1.8m 3.7 m 5. 5m 7.3m 



Span 





The top chart is for solid wood roof 
rafters with moderate snow loads 
(see page 32). For roofs without 
snow loads, decrease the indicated 
rafter size by one size. For roofs in 
heavy snow load areas, increase 
the rafter size by one or more sizes. 

■ Read from the top, middle, or 
bottom bars for 12-in., 16-in., or 
24-in. (300-, 400-, or 600-mm) rafter 
spacings, respectively. 

■ Read in the open bar areas for 6^ 
strong woods, such as Douglas 
Fir, Larch, Southern Pine, and Oak. 
Read in the solid bar areas for 
average-strength woods. 

The bottom chart is for 1-joist 
roof rafters with moderate snow 
loads (see page 32). For roofs with- 
out snow loads, decrease the indi- 
cated rafter size by one size. For 
roofs in heavy snow load areas, 
increase the rafter size by one or 
more sizes. 

■ Read from the top or bottom bars 
for 16-in. or 24-in. (400- or 600-mm) 
rafter spacings, respectively. 

■ Read in the open bar areas for 
heavy- and medium- weight 1-joists. 
Read in the solid bar areas for 
lightweight 1-joists. 
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WOOD FLOOR AND ROOF TRUSSES — LIGHT 



Light wood floor and roof trusses can easily be used in place of conven- 
tional wood joists and rafters in Platform Frame Construction. These pre- 
fabricated elements permit quicker erection in the field and greater clear 
spans. They require fewer interior loadbearing walls and permit easy run- 
ning of electrical and mechanical services through the open spaces within 
the trusses. 



FIRE-RESISTANCE RATINGS 
FOR LIGHT WOOD TRUSSES 

Light wood trusses may be used in Ordinary Construction and Wood Light 
Frame Construction. They can have a 1-hour fire-resistance rating when 
covered with nominal 1-in. (19-mm) subflooring and finish flooring and 
when the underside of the framing is finished with %-in. (16-mm) Type X 
gypsum board or its equivalent. A 2-hour rating can be achieved with three 
layers of ^s-in. (16-mm) Type X gypsum board and ^-in. (16-mm) furring 
channels. 
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Depth 



WOOD FLOOR AND ROOF TRUSSES — LIGHT 



30" 
762 mm 



24" 
610 mm 



18" 
457 mm 



12 " 
30S mm 



WOOD FLOOR TRUSSES 
LIGHT 












/ 




7 






/ 


/ 






/ 



















0 W' 20' 30' 40' 

3.0 m 6.1m 9.1m 12.2 m 

Span 




The top chart is for wood floor 
trusses constructed from light mem- 
bers up to 6 in. (140 mm) deep. For 
heavy loads, read toward the left in 
the indicated area. For light loads, 
read toward the right. For prelimi- 
nary design, use depths in even 
2-in. (50-mm) increments. Available 
sizes may vary with the manufac- 
turer. 

■ Typical truss spacing is 16 to 48 
in. (400 to 1200 mm). 
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4.6 m 91m 13.7 m 18.3 m 

Span 



Parallel 
chord truss 



Triangular 

truss 



Scissors 
truss 

The bottom chart is for wood roof 
trusses constructed from light mem- 
bers up to 6 in. ( 1 40 mm) deep. Read 
depths of parallel chord trusses 
from the left-hand scale and depths 
of other trusses from the right-hand 
scale. For heavy loads, read toward 
the left in the indicated areas. For 
light loads, read toward the right. 
Triangular or scissors trusses are 
commonly available with top chord 
slopes in whole number pitches 
from 2:12 to 7:12. Available sizes 
may vary with the manufacturer. 





■ Typical truss spacing is 16 to 48 
in. (400 to 1200 mm). 
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WOOD COLUMNS 




WOOD STRENGTH 



When reading the charts on the opposite page, examples of strong woods 
include Select Structural grades of Douglas Fir, Larch, Hemlock, and Southern 
Pine. Examples of average-strength woods include No. 2 grades of Hem-Fir 
and Spruce-Pine-Fir. For other species and grade combinations of intermedi- 
ate strength, you may interpolate between the results charted for these two 
groups. 

FIRE-RESISTANCE RATINGS FOR WOOD COLUMNS 

Wood columns may be used in any Combustible Construction type. To qualify 
as components of Heavy Timber Construction, wood columns supporting floor 
loads must have a nominal size of at least 8 X 8 in. (191 X 191 mm). Columns 
supporting roof and ceiling loads only may be as small as 6 X 8 in. (140 X 191 
mm). Columns of lesser dimensions may be used in Ordinary and Wood Light 
Frame Construction. 
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Unbraced height of column ^ tributary area 



WOOD COLUMNS 



WOOD COLUMNS— 
NORMAL HEIGHT 



4000 ff 
372 m^^ 



I 



279 




140 mm 191mm 241mm 292 mm 343 mm 394 mm 

Nominal square column size 




Total tributary area — average strength woods ] 



27Sfe SSOff llOOff 2200ff 

„ ^ ° 2Snf SOiri lOOiri 200nf 

2.4 m 

0 1000 ff 2000 ff 3000 ff 4000 ff 

95 m‘ 1 90 m‘ 285 m‘ 380 m‘ 

Total tributary area — strong woods 




The top chart is for solid wood col- 
umns up to 12 ft (3.7 m) in height. 

For each column size, read from the 
right-hand bar for strong woods or 
from the left-hand bar for average- 
strength woods. Read in the top 
open area for light loads, the mid- 
dle solid area for medium loads, 
or the lower open area for heavy 
loads. Total tributary area is the 
summed area of the roof and all 
floors supported by the column. 

■ For rectangular columns, select a 

column of area equal to the square 

size indicated. 

■ Actual column size is in. less 
than nominal English unit sizes. 

Metric equivalents are the actual 
size. 

For columns taller than 12 ft (3.7 
m), read from both charts on this 
page, using the larger column size 
indicated by either chart. Unbraced 
height of column is the vertical dis- 
tance between floors or other sup- 
ports that brace the column later- 
ally against buckling. 

■ For rectangular columns, read 
the lower chart using the smallest 
dimension of the column. 

■ On the lower chart, read Total 
tributary area from the lower scale 
for strong woods or from the upper 
scale for average-strength woods. 

■ Read toward the right within the 
indicated curves for light loads and 
toward the left for medium loads. For 
heavy loads, read the total tributary 
area for light loads and then divide 
by half. 
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WOOD DECKING 




FIRE-RESISTANCE RATINGS FOR WOOD DECKING 



Wood decking may be used in any Combustible Construction type. To 
qualify for Heavy Timber Construction as defined by the building codes, 
wood floor decking must be at least 3 in. (64 mm) in nominal thickness, 
with minimum 1-in. nominal (19-mm) wood finish flooring laid over it at 
right angles. Roof decking for Heavy Timber Construction must be at least 
2 in. (38 mm) in nominal thickness. Decking of lesser thickness may be 
used in Ordinary and Wood Light Frame Construction. 





Nominal depth 



WOOD DECKING 





This chart is for solid or laminated 
wood decking. For light loads or 
strong woods, read toward the right 
in the indicated areas. For large 
loads or normal-strength woods, 
read toward the left. 

■ Strong woods include Douglas 
Fir, Larch, Southern Pine, and Oak. 

■ Decking comes in various 
nominal widths, 6 and 8 in. (150 and 
200 mm) being the most common. 0g 
Actual depth is ‘A in. (13 mm) less 
than nominal. 

■ Allow approximately Yt in. (19 
mm) for the depth of finish floor- 
ing. 



Span 
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WOOD BEAMS 



SIZES OF SOLID WOOD BEAMS 

Actual depths of solid wood beams are ‘/2 to % in. less than nominal size. See 
the following table. Actual widths are ‘/2 in. (13 mm) less than nominal. 



Nominal Depth 


Actual Depth 


4" 


3 X 2 " 


(89 mm) 


6" 


5 X 2 " 


(140 mm) 


8", 10", 12" 


y;' 


(19 mm) less than nominal for 
beam widths of 2", 3", and 4", and 




X 2 " 


(13 mm) less than nominal for beam 
widths greater than 4" 


14" or greater 


X 2 " 


(13 mm) less than nominal 



FRAMING FOR HEAVY TIMBER CONSTRUCTION 

A heavy timber framing system that uses both beams and girders allows 
for the greatest range of bay sizes and proportions. The beam spacing is 
determined by the allowable span of the floor or roof decking as tabulated 
70 on page 69. For preliminary design, limit beam and girder spans to a maxi- 
mum of 20 ft (6 m) for solid wood decking or 24 ft (7.3 m) for laminated 
wood decking. 



FIRE-RESISTANCE RATINGS FOR WOOD BEAMS 

Wood beams may be used in any Combustible Construction type. To qual- 
ify for Heavy Timber Construction, minimum size requirements for wood 
beams vary slightly between the model building codes. For preliminary 
design, wood beams supporting floors should be no smaller than nominal 
6 X 10(1 40 X 241 mm actual size), and those supporting roofs only should 
be no smaller than 4 X 6 (89 X 140 mm). Beams of lesser dimensions may 
be used in Ordinary and Wood Light Frame Construction. For more infor- 
mation on the minimum size requirements for wood beams used in Heavy 
Timber Construction in both model codes, see pages 382-383. 




Width 



Beam 

spacing 




HEAVY TIMBER FLOOR FRAMING 



Beam span 





Nominal depth 



WOOD BEAMS 



WOOD BEAMS 



24" 
597 mm 



18" 
445 nun 



12 " 
292 mm 




0 

0 8' 16' 24' 32' 



2.4 m 4.9 m 7.3 m 9.8 m 



Span 





BUILT-UP BEAM 



This chart is for solid and built- 
up wood beams. For girders, or 
for beams carrying large loads, 
read toward the left in the indicat- 
ed areas. For light loads or strong 
woods, read toward the right. For 
typical beam conditions, read from 
the middle of the indicated areas. 

■ Strong woods include Douglas 
Fir, Larch, Southern Pine, and Oak. 

■ Practical widths for solid beams 
range from one-fourth of the depth 
of the beam to equal to the depth of 7 1 
the beam. 

■ A girder should be at least 2 in. 

(50 mm) deeper than the beams it 
supports. 
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GLUE-LAMINATED WOOD BEAMS 



SIZES OF GLUE-LAMINATED BEAMS 

Glue-laminated beams are specified by their actual size. Depths are typi- 
cally a multiple of 1!4 in. (38 mm), the thickness of one lamination. For com- 
monly available sizes, see the following table. 



Width 


Depth 






3‘/a" 


(79 mm) 


3"-24" 


(76-610 mm) 


5Vs" 


(130 mm) 


4‘/2"-36" 


(114- 


-914 mm) 


evv 


(171 mm) 


6"-48" 


(152- 


-1219 mm) 


8X4" 


(222 mm) 


9"-63" 


(229- 


-1600 mm) 


loy;' 


(273 mm) 


10'/2"-75' 


' (267- 


-1905 mm) 



CONTINUOUS-SPAN GLUE-LAMINATED BEAMS 

For greater structural efficiency, glue-laminated beams may be configured 
with continuous spans. For such beams, read toward the right in the indi- 
cated area on the chart on the facing page. Practical spans for continuous- 
span beam systems range from 25 to 65 ft (7.5 to 20.0 m). 




17L-.25L 



CONTINUOUS-SPAN GLUE- 
LAMINATED BEAM 



FIRE-RESISTANCE RATINGS FOR GLUE-LAMINATED 
WOOD BEAMS 

Glue-laminated wood beams may be used in any Combustible Construction 
type. To qualify for Heavy Timber Construction, minimum size require- 
ments for glue-laminated wood beams vary with each model building 
code. For preliminary design, beams supporting floors should be no small- 
er than 5 X 1014 in. (127 X 267 mm) actual size, and those supporting roofs 
only should be no smaller than 3 X 614 in. (76 X 175 mm). Beams of lesser 
dimensions may be used in Ordinary and Wood Light Frame Construction. 
For more information on minimum size requirements for beams in Heavy 
Timber Construction in both model codes, see pages 382-383. 






Depth 



GLUE-LAMINATED WOOD BEAMS 



48" 
1219 mm 



36" 
914 mm 



24" 
610 mm 



12 " 
305 mm 



0 



GLUE-LAMINATED 
WOOD BEAMS 






This chart is for glue-laminated 
beams. 

■ Normal spacings for glue- 
laminated beams range from 4 ft 
(1.2 m) for small beams supporting 
decking to 24 ft (7.3 m) for larger 
beams supporting joists or purlins. 

■ Typical widths for glue-laminated 
beams are one-fourth to one-seventh 
of the depth, rounded to the near- 
est standard width, as shown on the 
facing page. 

■ For girders, read depths from 73 
the extreme left-hand edge of the 
indicated area. A girder should be 

at least 1 ‘/a in. (38 mm) deeper than 
the beams it supports. 



20 ' 
6.1 m 



Span 



80' 

24.4 m 
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WOOD TRUSSES — HEAVY 



SPACING OF HEAVY WOOD ROOF TRUSSES 

Roof trusses spaced no greater than 4 to 8 ft (1.2 to 2.4 m) require no addi- 
tional joists or purlins. The maximum practical spacing of trusses with joists 
or purlins is approximately 20 ft (6.1 m). 



FIRE-RESISTANCE RATINGS FOR 
HEAVY WOOD TRUSSES 

Heavy wood trusses may be used in any Combustible Construction type. 
To qualify for Heavy Timber Construction, minimum size requirements for 
wood trusses vary slightly between the model building codes. For pre- 
liminary design, trusses supporting floors should be made of members 
no smaller than nominal 8X8(191X191 mm actual size), and those sup- 
porting roofs only should be made of members no smaller than 4X6 (89 
X 140 mm). Trusses made of members of lesser dimensions may be used 
in Ordinary and Wood Light Frame Construction. For more information on 
the minimum size requirements for wood trusses used in Heavy Timber 
Construction in both model codes, see pages 382-383. 
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Depth 



WOOD TRUSSES — HEAVY 



WOOD TRUSSES— HEAVY 




0 

0 60' 120' 180' 240' 

18.3 m 36.6 m 54.9 m 73.2 m 

Span 



Triangular: 






Modified 

bowstring 

Warren 

Howe 

Pratt 



This chart is for wood trusses con- 
structed from heavy members, a 
minimum of 4 X 6 in. (89 X 140 mm) 
in size. 

■ The most economical span rang- 
es for each truss type are indicated 
with the solid tone. 
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GLUE-LAMINATED WOOD ARCHES 



DIMENSIONS FOR POINTED ARCHES 

LOW- TO MEDIUM-PITCH ARCHES (3:12 TO 8:12) 




Wall Height 


Thickness of Arch 


Depth of Base 


Depth of Crown 


10'-18' 


SYs", SYs", 6X4" 


7'/2"-18" for short spans 


r 

DO 


(3.0-5.5 m) 


(79, 130, 171 mm) 


(191-457 mm) 

8"-30" for medium spans 
(203-762 mm) 

8'/2"-35" for long spans 
(216-889 mm) 


(191-686 mm) 


HIGH-PITCH ARCHES (10:12 TO 16:12) 




Wall Height 


Thickness of Arch 


Depth of Base 


Depth of Crown 


8'-12' 


SYs" 


7Y2" for short spans 


7%"-24‘/2" 


(2.4-3. 7 m) 


(130 mm) 


(191 mm) 

7 Y'i" for medium spans 
(197 mm) 

9'/2"-10" for long spans 
(241-254 mm) 


(197-622 mm) 



FIRE-RESISTANCE RATINGS FOR GLUE-LAMINATED 
ARCHES 

Glue-laminated wood arches may be used in any Combustible Construction 
type. To qualify for Heavy Timber Construction, minimum size require- 
ments for such arches vary slightly between the model building codes. For 
preliminary design, arches supporting floors should be no smaller than 
6V4 X 8/4 in. (171 X 210 mm) actual size, and those supporting roofs only 
should be no smaller than 5 X 814 in. (127 X 210 mm). Arches of lesser 
dimensions may be used in Ordinary and Wood Light Frame Construction. 
For more information on the minimum size requirements for glue-laminat- 
ed wood arches used in Heavy Timber Construction in both model codes, 
see pages 382-383. 








Rise of arch Depth of upper tangent 



GLUE-LAMINATED WOOD ARCHES 



GLUE-LAMINATED WOOD 
RADIAL ARCHES 




7 " 

152 mm 



Low- to medium-pitch arches: 3:12—8:12 
High-pitch arches: \10:12— 16:12 

0 '■ ' 

0 20' 40' eo' 80' 

6.1m 12.2 m 18.3 m 24.4 m 

Span 




The top chart is for glue-laminated 
pointed arches. For low pitches, 
high loads, and high side walls, 
read toward the top in the indicated 
areas. For high pitches, low loads, 
and low side walls, read toward the 
bottom. 
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TWO-HINGE RADIAL ARCH 




THREE-HINGE RADIAL ARCH 



The bottom chart is for glue- 
laminated radial arches. Read the 
rise of the arch from the left-hand 
scale and the depth of the arch from 
the right-hand scale. 

■ The thickness of a radial arch 
should be at least one-fifth of its 
depth. 
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MASONRY STRUCTURAL SYSTEMS 



iVlasonry construction rarely 
forms a complete building sys- 
tem by itself. Nonbearing masonry 
walls can be used as infill between 
framing elements or as a veneer 
applied over other structural sys- 
tems. Loadbearing masonry walls 
and columns can be combined with 
various spanning elements to form 
complete structural systems. With 
proper reinforcing, masonry walls 
can also be designed to resist lat- 
eral loads. 

Masonry walls may be con- 
structed in a variety of ways. Use 
the following guidelines for pre- 
liminary design: 

■ Single-wythe walls are generally 
limited to nonbearing applications 
or as a veneer over other wall 
systems. 

■ Cavity wall construction is a 
preferred choice for exterior walls 
because of its superior resistance to 
water penetration and its improved 
thermal performance. 

■ Concrete masonry construction 
is generally more economical 
than brick because of the lower 
materials costs and the reduced 
labor required to lay the larger 
concrete units. 

■ Loadbearing masonry walls and 
columns must be steel reinforced 
in all but the smallest structures. 

Since masonry construction 
takes place on-site and utilizes ele- 
ments of small size, it is well suited 



for use in the construction of build- 
ings of irregular form. Nevertheless, 
it is advantageous to build with 
modular dimensions to minimize 
the need for partial units. Wherever 
possible, use a module of one-half 
the nominal length of a masonry unit 
in plan and the height of one brick 
or concrete unit course in elevation. 



MASONRY AND WOOD 
CONSTRUCTION 

Masonry can form the exterior, and 
sometimes interior, loadbearing 
walls for either Wood Light Frame 
Construction or Heavy Timber 
Construction, systems tradition- 
ally named Ordinary Construction 
and Mill Construction, respectively. 
Both of these systems have high- 
er fire-resistance ratings than all- 
wood construction and are permit- 
ted for use in larger and taller 
buildings. For more information on 
the fire resistance of these systems 
and the building types for which 
their use is permitted, see pages 
382-383. For sizing the wood ele- 
ments of Ordinary or Heavy Timber 
Construction, see the appropri- 
ate pages under Wood Structural 
Systems beginning on page 57. 



MASONRY AND STEEL 
CONSTRUCTION 

Open-web joists are the steel span- 
ning elements most commonly 



used with loadbearing masonry 
construction because of the rel- 
atively small concentrated loads 
produced by these lightweight, 
closely spaced elements. Where 
steel beams and girders bear 
upon masonry walls, pilasters or 
extra reinforcing may be required 
at points of support. For economy 
and strength, interior columns in 
such systems are typically struc- 
tural steel rather than masonry. 
See page 91 and the appropriate 
following pages for information on 
steel construction. 



MASONRY AND 
CONCRETE 
CONSTRUCTION 

The sitecast and precast concrete 
spanning elements most common- 7^ 
ly used with loadbearing masonry 
walls are shorter span slabs with- 
out ribs or beams. These systems 
are often highly economical due 
to the minimal floor depths associ- 
ated with these spanning elements, 
the absence of any requirement for 
added fire-resistive finishes, and 
the acoustical and energy perfor- 
mance of these high-mass materi- 
als. See page 107 for information 
on sitecast concrete construction 
and page 125 for information on 
precast concrete construction. 
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BRICK MASONRY COLUMNS 



MASONRY STRENGTH 

The strength and cost of brick masonry construction increase as stronger 
brick, steel reinforcing, and mortar mixes are used in its construction. 
When reading the top chart on the facing page, begin by assuming low- 
strength masonry and read from the lower set of bars. If the wall sizes 
yielded by this result are impractically large, then consider using higher- 
strength masonry, reading from the upper set of bars or interpolating 
between the two sets. 



BRICK MASONRY COLUMN SIZES 

For lightly loaded structures, the minimum size for reinforced brick mason- 
ry columns is 8 in. (200 mm) nominally on each side. For other conditions, 
use columns 12 in. (300 mm) square or larger. For rectangular columns, 
the wider side should be no more than three times the width of the nar- 
rower side. For pilasters (columns part of walls), the wider side should not 
exceed four times the width of the shorter side. For maximum economy, 
size brick masonry columns in increments of 4 in. (100 mm). 



80 FIRE-RESISTANCE RATINGS FOR BRICK MASONRY 
— COLUMNS 

Brick masonry construction may be used in both Combustible and 
Noncombustible Construction. The fire resistance of brick masonry con- 
struction varies with the type of brick unit. For preliminary design, assume 
that a 1- to 2-hour fire-resistance rating can be achieved with an 8-in. (200- 
mm) square column and a 3- to 4-hour or greater rating can be achieved 
with a 10- to 12-in. (250- to 300-mm) column. 




RECTANGULAR COLUMNS 



I 



■V 



RECTANGULAR PILASTERS 





Unbraced height of column Total tributary area 



BRICK MASONRY COLUMNS 



100,000 ff 

9500 mi' 



10,000 ff 
950 m“ 



1000 ff 
95 m^ 



100 ff 
9.5 m^ 



^BRICK MASONRY 
COLUMNS— 
NORMAL HEIGHT 




8" 16" 24" 32" 

200 mm 400 mm 600 mm 800 mm 



Nominal square column size 




200 mm 400 mm 600 mm 800 mm 




The top chart is for reinforced brick 
masonry columns up to 12 ft (3.7 
m) tall between floors. For high- 
compressive-strength masonry, 
read from the upper set of bars. For 
low-strength masonry, read from 
the lower set. For light to medium 
loads, read in the upper open areas 
of each bar; for heavy loads, read 
in the lower solid areas. Total tribu- 
tary area is the summed area of the 8 1 
roof and all floors supported by the 
column. 

■ For rectangular columns, select a 
column of area equal to the square 
size indicated. 

■ Actual column size is Vs in. (10 
mm) less than nominal size. 

For columns taller than 12 ft (3.7 
m), read from both charts on this 
page, using the larger size indicat- 
ed by either chart. Unbraced height 
of column is the vertical distance 
between floors or other supports 
that brace the column laterally 
against buckling. 

■ For rectangular columns, read the 
chart's nominal column size using 
the lesser dimension of the column. 



Nominal column size 
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BRICK MASONRY WALLS 



MASONRY STRENGTH 

The strength and cost of brick masonry construction increase as stronger 
brick, steel reinforcing, and mortar mixes are used in its construction. When 
reading the top chart on the facing page, begin by assuming low-strength 
masonry and read from the lower set of curves. If the wall sizes yielded 
by this result are impractically large, then consider using higher-strength 
masonry, reading from the upper set of curves or interpolating between the 
two sets. 



MINIMUM WIDTHS OF WALLS 

Reinforced brick masonry walls 6 in. (150 mm) wide should be used for 
one-story structures only. Use walls 8 in. (200 mm) or wider for multistory 
structures. 



MAXIMUM UNBRACED LENGTH OF WALL 

Use the bottom chart on the facing page to determine the maximum permis- 
sible unbraced length of wall in plan in addition to its maximum permis- 
sible height. Masonry walls should be braced by crosswalls spaced at dis- 
tances not exceeding those indicated on the chart. If the proposed crosswall 
spacing in your design is too great, either thicken the wall or add pilasters 
at intermediate spacing (see pages 80-81 for the sizing of pilasters). 



DESIGNING WITH MASONRY BEARING WALLS 

Reinforced brick masonry walls may be used in structures up to approxi- 
mately 20 stories in height. In high-rise structures, the cellular arrange- 
ments of the bearing walls make this system best suited to apartment build- 
ings, hotels, dormitories, and other residential occupancies that require 
relatively small, repetitively arranged spaces. 

For structures up to approximately six stories in height, interior cross- 
walls and corridor walls should be sufficient to provide the needed lateral 
bracing for the structure. This permits exterior walls to remain relatively 
open in design. At greater heights, lateral stability requirements increasing- 
ly dictate a more complete cellular configuration of walls. In this case, the 
sizes of openings in the exterior walls will become increasingly restricted. 

Loadbearing walls should be aligned consistently from floor to floor and 
should be continuous from the roof to the building foundation. Where it is desir- 
able to create a larger space on a lower floor, it may be possible to design one 
or more of the walls above to act as deep beams spanning between columns. 
Such wall beams may span as much as 20 to 30 ft (6 to 9 m). 



FIRE-RESISTANCE RATINGS FOR BRICK 
MASONRY WALLS 

Brick masonry construction may be used in both Combustible and 
Noncombustible Construction. The fire resistance of brick masonry con- 
struction varies with the type of brick unit. For preliminary design, assume 
that a 1-hour fire-resistance rating can be achieved with a 4-in. (100-mm)- 
thick wall, a 2-hour rating with a 6-in. (150-mm) wall, and a 3- to 4-hour rat- 
ing with an 8-in. (200-mm) wall. 




Unbraced 
length of wall 
in plan 




Unbraced 
height of 
wall in 
elevation 



UNBRACED HEIGHT OR LENGTH 
OF MASONRY WALLS 
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LOW-RISE BEARING WALL 
GONFIGURATION (shown in plan) 


J 

□ 


LlllJ 

r.TXT.1 


— 



HIGH-RISE BEARING WALL 
CONFIGURATION (shown in plan) 



Bearing walls may act as deep beams to 
span across openings below, as shown in 
this schematic cross section. 






Unbraced height or length of wall Total tributary width 
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The top chart is for reinforced brick 
masonry walls up to 12 ft (3.7 m) 
tall between floors. For high-com- 
pressive-strength masonry, read 
from the upper set of curves. For 
low-strength masonry, read from 
the lower set. For light loads, read 
in the upper open areas of each 83 
curve; for medium to heavy loads, 
read in the lower solid areas. Total 
tributary width is one-half the span 
of one floor supported by the wall 
multiplied by the number of floors 
and the roof above. 

■ For cavity walls, use only the net 
width of the structural wythe when 
reading the charts on this page. 

■ Actual width of a wall is % in. (10 
mm) less than the nominal size. 

For walls greater than 12 ft 
(3.7 m) in height or unbraced 
length, read from both charts on 
this page, using the larger size 
indicated by either chart. Read 
along the Loadbearing walls curve 
for walls bearing gravity loads 
or wind loads. Read along the 
Nonloadbearing walls curve for 
interior nonloadbearing parti- 
tions. Unbraced height of wall is 
the vertical distance between 
floors. Unbraced length of wall is 
the horizontal distance between 
crosswalls or pilasters. See the 
facing page for more information 
on unbraced wall length. 
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BRICK MASONRY LINTELS 




STEEL ANGLE LINTELS 

The following chart is for steel angle lintels carrying wall loads only. 
Heavier structural shapes, such as channels or wide-flange sections com- 
bined with plates, may be used where longer spans or greater load capaci- 
ties are required. 



Depth of Angle 


Maximum 

Span 


3" (76 mm) 


5' (1.5 m) 


4" (102 mm) 


6' (1.8 m) 


5" (127 mm) 


7' (2.1 m) 


6" (152 mm) 


8' (2.4 m) 



FIRE-RESISTANCE RATINGS FOR BRICK 
MASONRY LINTELS 




The chart at the left is for steel- 
reinforced brick masonry lintels. 
For lintels carrying only wall loads, 
read toward the right in the indi- 
cated areas. For lintels carrying 
floor loads or other superimposed 
loads, read toward the left. For most 
applications, lintel depths of four to 
seven courses are sufficient. 

■ Depths for this chart are based 
on modular brick coursing where 
three courses = 8 in. (200 mm) . For 
other coursing dimensions, read 
depths in inches from the right- 
hand scale and round up to a whole 
course height. 

■ Actual depth is the thickness of 
one mortar joint less than the nomi- 
nal depth (approximately ‘/a in., or 
13 mm). 




Brick masonry lintels may be used in both Combustible andNoncombustible 
Construction. Lintels not less than 8 in. (200 mm) in nominal dimension 
may be assumed to have a fire-resistance rating of 2 hours. 



STEEL ANGLE LINTEL 





BRICK MASONRY ARCHES 



MINOR BRICK ARCHES 

For spans of up to 6 to 8 ft (1.8 to 2.4 m), almost any shape of arch will work, 
particularly when the arch is embedded in a wall. Depths of minor brick 
arches typically range from 4 to 16 in. (100 to 400 mm). Thicknesses should 
be at least 4 to 8 in. (100 to 200 mm). Concentrated loads bearing directly 
on minor arches, especially jack arches, should be avoided. 

Segmental arches are most efficient when the rise of the arch is between 
0.08 and 0.15 times the span of the arch. See the following table for propor- 
tioning jack arches. Note that camber is not a structural requirement in a jack 
arch but, rather, is used to avoid the appearance of sag. As an example of 
using the table, a jack arch 12 in. deep spanning 6 ft should have a %-in. cam- 
ber (Vb" X 6') and 9-in. skewback ('A" X 6' X 12"/4") at each end. 

JACK ARCH PROPORTIONS 



Maximum Span 

Without Lintel Camber Depth Skewhack 

6' (1800 mm) ‘/s" per foot 8" (200 mm) Vz per foot of span for every 

of span minimum 4" of arch depth 

(1: 100) (40 mm per meter of span for 

every 100 mm of arch depth) 





The horizontal thrust produced by an arch must be resisted at its supports. 
This resistance can be provided by a tie rod acting in tension, the opposing 
thrust of an adjacent arch, or the buttressing action of an adjacent masonry 
wall area. When relying on abutting masonry, the minimum width of the 
masonry area depends on the type of arch and the vertical height of the 
abutting masonry. See the following diagram. 




MASONRY BUTTRESS PROPORTIONS 



Full-height buttressing wail area 
Partial-height buttressing wall area 
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Segmental arch (dashed) 
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Jack arch (dashed) 



The minimum width of the masonry 
buttress depends on the arch type 
and the height of the buttress. 



MAJOR BRICK ARCHES 

Major brick arches can span as far as approximately 250 ft (75 m). Parabolic 
shapes are recommended for long-span arches. Practical proportions for 
the rise of major arches range from approximately 0.2 to 0.6 times the span. 
For maximum efficiency, this proportion should not exceed 0.25. 



FIRE-RESISTANCE RATINGS 
FOR BRICK MASONRY ARCHES 

Brick masonry arches may be used in both Combustible and 
Noncombustible Construction. Arches that are not less than 8 in. (200 mm in 
nominal dimension can be assumed to have a fire-resistance rating of 2 hours. 




MULTICENTERED ARCH 






CONCRETE MASONRY COLUMNS 



MASONRY STRENGTH 

The strength and cost of concrete masonry construction increase as 
stronger concrete units, steel reinforcing, and mortar mixes are used in 
its construction. When reading the top chart on the facing page, begin by 
assuming low-strength masonry and read from the lower set of bars. If the 
column sizes yielded by this result are impractically large, then consider 
using higher-strength masonry, reading from the upper set of bars or inter- 
polating between the two sets. 



CONCRETE MASONRY COLUMN SIZES 




RECTANGULAR COLUMNS 



For lightly loaded structures, the minimum size for reinforced concrete 
masonry columns is 8 in. (200 mm). For other conditions, use columns 12 in. 
(300 mm) square or larger. For rectangular columns, the wider side should 
be no more than three times the width of the narrower side. For pilasters 
(columns part of walls), the wider side should not exceed four times the 
width of the shorter side. For maximum economy, size concrete masonry 
columns in increments of 4 in. (100 mm). 



FIRE-RESISTANCE RATINGS FOR CONCRETE 
MASONRY COLUMNS 




RECTANGULAR PILASTERS 



Concrete masonry may be used in Combustible and Noncombustible 
Construction. The fire resistance of concrete masonry construction varies 
with the type of concrete units. For preliminary design, concrete columns 
with a least dimension of 8 in. (200 mm) may be assumed to have a fire- 
resistance rating of 1 hour, and those with least dimensions of 10 in. (250 
mm), 12 in. (300 mm), and 14 in. (350 mm) to have fire-resistance ratings of 
2, 3, and 4 hours, respectively. 




Unbraced height of column 



CONCRETE MASONRY COLUMNS 



100,000 fe 

9500 ml 



10,000 ff 
950 m'' 




3 

rQ 

-S 



1000 ff 
95 



100 ff 
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200 mm 400 mm 600 mm 800 mm 



Nominal square column size 




0 8" 16" 24" 32" 

200 mm 400 mm 600 mm 800 mm 
Nominal square column size 




The top chart is for concrete mason- 
ry columns up to 12 ft (3.7 m) tall 
between floors. For high-compres- 
sive-strength masonry, read from the 
upper set of bars. For low-strength 
masonry, read from the lower set. 

For light to medium loads, read in 
the upper open areas of each bar; 
for heavy loads, read in the lower 
solid areas. Total tributary area is 87 
the summed area of the roof and all 
floors supported by the column. 

■ For rectangular columns, select a 
column of area equal to the square 
size indicated. 

■ Actual column size is Ya in. (10 
mm) less than nominal size. 

For columns taller than 12 ft (3.7 
m), read from both charts on this 
page, using the larger size indicat- 
ed by either chart. Unbraced height 
of column is the vertical distance 
between floors or other supports 
that brace the column laterally 
against buckling. 

■ For rectangular columns, read 
Nominal square column size using 
the lesser dimension of the col- 
umn. 
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CONCRETE MASONRY WALLS 



MASONRY STRENGTH 

The strength and cost of concrete masonry construction increase as stron- 
ger concrete units, steel reinforcing, and mortar mixes are used in its 
construction. When reading the top chart on the facing page, begin by 
assuming low-strength masonry and read from the lower set of bars. If the 
wall sizes yielded by this result are impractically large, then consider using 
higher-strength masonry, reading from the upper set of bars, or interpolate 
between the two sets. 



CAVITY WALLS 

For cavity walls, use only the nominal width of the structural wythe when 
reading the charts on the facing page. 
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LOW-RISE BEARING WALL 
CONFIGURATION (shown in plan) 
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MINIMUM WIDTHS OF WALL 

For most construction, 8 in. (200 mm) is the minimum practical width for 
reinforced concrete masonry walls. Though walls 6 in. (150 mm) wide are 
feasible, they are difficult to construct and only suitable for supporting 
gg light loads. 

— The minimum width for unreinforced masonry walls is 8 in. (200 mm) 
for the support of light loads; or 12 in. (300 mm) if used for heavier loads. 
The use of unreinforced masonry construction in modern buildings is rare 
due to this system's lack of resistance to seismic forces. For more informa- 
tion on the design of loadbearing masonry structures, see Designing with 
Masonry Bearing Walls on page 82. 



HIGH-RISE BEARING WALL 
GONFIGURATION (shown in plan) 



MAXIMUM UNBRACED LENGTH OF WALL 

Use the bottom chart on the facing page to determine the maximum per- 
missible unbraced length of wall in plan in addition to its maximum per- 
missible height. Masonry walls should be braced by crosswalls spaced 
at distances not exceeding those indicated on the chart. If the proposed 
crosswall spacing in your design is too great, either thicken the wall or add 
pilasters at intermediate spacing (see pages 86-87 for sizing of pilasters). 



FIRE-RESISTANCE RATINGS FOR CONCRETE 
MASONRY WALLS 

Concrete masonry construction may be used in both Combustible and 
Noncombustible Construction. The fire resistance of concrete masonry 
construction varies with the type of masonry unit. For preliminary design, 
assume that a 1-hour fire-resistance rating can be achieved with a 6-in. 
(150-mm) -thick wall, a 2-hour rating with an 8-in. (200-mm) wall, and a 3- to 
4-hour rating with a 10-in. (250-mm) wall. 



Bearing walls may act as deep beams to 
span across openings below, as shown in 
this schematic cross section. 




Unbraced 
length of wall 
in plan 




Unbraced 
height of 
wall in 
elevation 



UNBRAGED HEIGHT OR LENGTH 
OF MASONRY WALLS 







Unbraced height or length of wall Total tributary width 



CONCRETE MASONRY WALLS 
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CONCRETE MASONRY 

WALLS- 

NORMAL HEIGHT 
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Nominal width of wall 




100 mm 200 mm 300 mm 400 mm 500 mm 
Nominal width of wall 




The top chart is for reinforced con- 
crete masonry walls up to 12 ft (3.7 
m) tall between floors. For high- 
compressive-strength masonry, 
read from the upper set of bars. For 
low-strength masonry, read from 39 
the lower set. For light loads, read 
in the upper open areas of each 
bar; for medium to heavy loads, 
read in the lower solid areas. Total 
tributary width is one-half the span 
of one floor supported by the wall 
multiplied by the number of floors 
and roof above. 

■ For unreinforced masonry walls, 
increase the indicated width of the 
wall thickness by 25%. 

■ Actual width of the wall is % in. 

(10 mm) less than nominal size. 

For walls greater than 12 ft (3.7 m) 
in height or unbraced length, read 
from both charts on this page, using 
the larger size indicated by either 
chart. Read along the solid line for 
the appropriate wall type. Unbraced 
height of wall is the vertical distance 
between floors. Unbraced length 
of wall is the horizontal distance 
between crosswalls or pilasters. 

See the facing page for more infor- 
mation on unbraced wall length. 
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CONCRETE MASONRY LINTELS 





The chart at the left is for steel-rein- 
forced concrete masonry lintels. 
Open areas are for lintels carrying 
wall loads only. Solid areas are for 
lintels carrying wall loads and floor 
or roof loads. For light loads, read 
toward the right in the indicated 
areas. For heavy loads, read toward 
the left. 

■ Actual sizes are equal to nominal 
size less Va in. (10 mm). 



PRECAST CONCRETE AND STRUCTURAL 
STEEL LINTELS 

Precast concrete lintels that are 8 in. (200 mm) deep can span up to approx- 
imately 8 ft (2.4 m). Lintels 16 in. (400 mm) deep can span up to approxi- 
mately 16 ft (4.9 m). 

Lintels made of combinations of steel angles can span up to approxi- 
mately 8 ft (2.4 m). Greater spans are possible with heavier structural steel 
shapes, such as channels or wide-flange sections combined with plates. 

FIRE-RESISTANCE RATINGS FOR CONCRETE 
MASONRY LINTELS 

Concrete masonry lintels may be used in both Combustible and 
Noncombustible Construction. The fire resistance of concrete masonry 
construction varies with the composition and design of the masonry units 
themselves. For preliminary design, concrete masonry lintels not less than 
8 in. (200 mm) in nominal dimension may be assumed to have a fire-resis- 
tance rating of 1 to 2 hours. 




STRUCTURAL STEEL LINTELS 







STEEL STRUCTURAL SYSTEMS 



Steel elements are of two basic 
types: Relatively heavy structural 
steel members are formed into 
their final shapes by hot-rolling. 
This method produces such com- 
mon elements as wide-flange sec- 
tions, angles, channels, bars, and 
plates. Lightweight steel framing 
members are cold-formed from 
thin sheets or rods. Such elements 
include roof and floor decking and 
a variety of light framing members 
such as channels, studs, and joists. 



STRUCTURAL STEEL 
FRAMING 

Conventional hot-rolled structural 
steel is a versatile material that 
has applications ranging from sin- 
gle-story structures to the world's 
tallest buildings. The extent of 
prefabrication normally used with 
structural steel results in a system 
that is precise and rapidly erected. 

Structural steel elements are 
normally configured as a post and 
beam frame, with other compo- 



nents added to make a complete 
building. The slab system most 
commonly used with structural 
steel framing is a sitecast concrete 
slab poured over corrugated steel 
decking. Other sitecast or precast 
concrete systems are also used. 
Steel frames can support all vari- 
ety of cladding systems, with cur- 
tain walls of steel, aluminum, glass, 
masonry, and stone being the most 
common. 

Due to steel's rapid loss of 
strength at elevated temperatures, 
it must often be concealed behind 
fire-resistive materials or assem- 
blies. See pages 380-382 for more 
information on the requirements for 
fire protection of structural steel. 



LIGHTWEIGHT STEEL 
FRAMING 

Lightweight steel framing (also 
called light gauge steel framing) 
finds applications in low-rise 
structures where the light weight 
and ease of assembly of these 



elements are advantages. Many 
of the details of this system and 
the sizes of the structural ele- 
ments are similar to those used in 
Wood Light Frame Construction, a 
system lightweight steel framing 
often competes with. However, the 
noncombustibility of steel allows 
this system to be used in building g 
types where wood construction is w 
not permitted. The small size of the ^ 
individual structural elements and j 
the reliance on on-site fabrics- S 
tion also make this system a good t* 
choice where buildings of irregu- & 
lar form are desired. See pages ^ 
380-382 for more information on w 
the building types permitted using ^ 
lightweight steel framing. g 
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LIGHTWEIGHT STEEL WALL STUDS 



SIZE, WEIGHT, AND SPACING OF LIGHTWEIGHT 
STEEL STUDS 

The charts on the facing page list the most commonly available sizes of 
lightweight steel studs. Other sizes may be available from some manufac- 
turers. Studs typically vary in width from V/a to 2'A in. (35 to 64 mm). For 
preliminary purposes, a width of 2 in. (50 mm) may be assumed. 

The load-carrying capacity of lightweight steel studs varies with the 
strength and thickness of the steel sheet from which the studs are made. 
When reading the charts on the facing page, the highest values indicated 
in each stud size represent studs manufactured from thicker, higher- 
strength metal. Lower values represent studs manufactured from thinner, 
lower-strength material. 

The capacity of steel stud systems also depends on the spacing of the 
studs. Studs should always be spaced on a 4-ft (1200-mm) module to coor- 
dinate with standard wall panel widths. The most common spacings are 12, 
16, and 24 in. (300, 400, and 600 mm) on center. When reading the charts 
on the facing page, the highest values shown for each stud size represent 
framing systems with studs spaced at 12 in. (300 mm). Lower values repre- 
sent systems with studs spaced at 16 or 24 in. (400 or 600 mm). 



^ FIRE-RESISTANCE RATINGS FOR STEEL STUD 
FRAMING 

Lightweight steel stud construction may be used in both Combustible and 
Noncombustible Construction. To achieve a 1-hour fire-resistance rating, 
framing may be covered with rated gypsum wallboard or plaster materials 
in thicknesses ranging from ‘/2 to 1 in. (12 to 25 mm). Fire-resistance ratings 
of up to 4 hours can be achieved with finishes ranging in thickness from 
2 to 3 in. (50 to 75 mm). Even where no fire-resistance rating is required, 
steel stud framing typically must be covered with some form of wallboard 
or panel material to stabilize its relatively slender members against buck- 
ling. 




Unbraced height of studs Total loaded width 



LIGHTWEIGHT STEEL WALL STUDS 





The top chart is for loadbearing 
lightweight steel stud walls. For 

walls up to 10 ft (3.0 m) high, read 

from the taller right-hand bars. For 
walls up to 16 ft (4.9 m) high, read 
from the left-hand bars. For light 
loads, read in the open areas of 
each bar. For medium loads, read in 
the solid areas. Total loaded width 
is the tributary width of one floor 
(one-half of its span) multiplied 
by the number of floors and roof 
above the wall. 

■ Actual stud depth is equal to the 
nominal size. 

The lower chart is for curtain wall 
studs — studs resisting wind but not 
gravity loads. For light wind loads 
and for cladding systems such as 
glass or metal that are relatively 
tolerant of deflection, read toward 
the top in the indicated areas. For 
heavy wind loads and for claddings 
of stone, clay masonry, or other 
materials requiring stiffer support, 
read toward the bottom. Unbraced 
height of studs is the vertical dis- 
tance between floors or other sup- 
ports. 

■ Stud height may be increased 
with the addition of intermediate 
bracing perpendicular to the wall 
plane. 
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LIGHTWEIGHT STEEL FLOOR JOISTS 



SIZE, WEIGHT, AND SPACING OF LIGHTWEIGHT 
FLOOR JOISTS 

The chart on the facing page lists the most commonly available sizes of light- 
weight steel floor joists. Other sizes may be available from some manufactur- 
ers. Joists typically vary in width from 1% to 2/4 in. (35 to 64 mm). For prelimi- 
nary purposes, a width of 2 in. (50 mm) may be assumed. 

The load-carrying capacity of lightweight steel joists varies with the 
strength and thickness of the steel sheet from which the joists are made. When 
reading the chart on the facing page, the longest spans indicated in each joist 
size represent joists manufactured from thicker, higher-strength sheet metal. 
Shorter spans represent joists manufactured from thinner, lower-strength 
material. 

The capacity of steel joist framing also depends on the spacing of the 
joists. Joists should always be spaced on a 4-ft (1200-mm) module to coordi- 
nate with standard floor panel widths. The most common spacings are 16 and 
24 in. (400 and 600 mm) on center. When reading the chart on the facing page, 
the longest spans shown for each joist size represent framing with joists more 
closely spaced, and shorter spans represent systems with joists at greater 
spacings. 



FIRE-RESISTANCE RATINGS FOR LIGHTWEIGHT STEEL 

Lightweight steel floor joists may be used in both Combustible and 
Noncombustible Construction. Fire-resistance ratings of 1 to 2 hours may be 
achieved with ceilings of gypsum board or plaster in thicknesses ranging from 
1 to 2 in. (25 to 50 mm) 




Nominal depth of joists 



LIGHTWEIGHT STEEL FLOOR JOISTS 





This chart is for lightweight steel 
floor joists. For light loads, close 
joist spacings, or joists made from 
stronger, thicker steel sheet metal, 
read toward the right in the indi- 
cated areas. For heavy loads, wide 
spacings, or studs made of less 
strong, thinner sheet metal, read 
toward the left. 

■ Actual size is equal to nominal 
size less from 0 to ^4 in. (19 mm), gg 
depending on the manufacturer. — 
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STRUCTURAL STEEL COLUMNS 



COLUMN LAYOUT 

Columns at the perimeter of a building should be oriented with their 
flanges facing outward wherever possible to facilitate the attachment of 
cladding to the building's structural frame. Elsewhere, columns should be 
oriented with their webs parallel to the axis on which the building is most 
vulnerable to lateral forces so that the columns may make the greatest 
contribution to resisting these forces. For example, in buildings with rect- 
angular footprints, the weaker axis is most frequently parallel to the shorter 
sides of the structure, and orienting column webs that are parallel to this 
shorter axis would be preferred. 



FINISH DIMENSIONS OF STEEL COLUMNS 

In most cases, structural steel columns are not exposed in the completed 
construction, and their overall finish dimensions must be increased from 
those shown in the charts on the facing page to account for the application 
of fireproofing and finishes. The added thickness depends on the materi- 
als involved, the degree of fire resistance required, and the weight of the 
steel section itself (heavier sections require less added fire protection than 
lighter ones). For common conditions, an allowance of 1 to 4 in. (25 to 100 
96 mm) per side of column should be sufficient for preliminary sizing. When 
applying these allowances to the actual column sizes, remember to double 
them to account for materials applied to opposite sides of the column, that 
is, 2 to 8 in. (50 to 200 mm) total. 

As a more costly alternative, in cases where fire protection is required 
but there is a desire for steel to remain exposed, thin paint-like intumes- 
cent coatings may be applied to the steel. Under normal conditions, these 
coatings add only negligibly to the size of the column. Under fire condi- 
tions, they expand to form an insulating layer that protects the steel from 
the heat of the fire. 

Depending on how individual sections of the column are connected, an 
additional allowance of 1 to 2 in. (25 to 50 mm) per side may be required, 
added to the deeper dimension of the column, to account for splice plates 
and fasteners where column joints occur. Where required, these connec- 
tions typically are located several feet above the floor level. 



FIRE-RESISTANCE RATINGS FOR STRUCTURAL STEEL 
COLUMNS 

Exposed structural steel columns may be used in both Unprotected 
Noncombustible and Unprotected Combustible Construction. For Protected 
Construction types, fire-resistance ratings of up to 4 hours are easily 
achieved with any number of conventional fireproofing materials in thick- 
nesses of as little as 1 to 4 in. (25 to 100 mm). As an alternative, intumescent 
coatings, as described above, can provide up to 3 hours of fire resistance. 






Unbraced height of column Total tributary area 



STRUCTURAL STEEL COLUMNS 




100 mm ISO mm 200 mm 2S0 mm 300 mm 3S0 mm 



Nominal column size 




Total tributary area 




The top chart is for steel wide- 
flange section columns up to 12 ft 
(3.7 m) tall between floors. Total 
tributary area is the summed area 
of the roof and all floors supported 
by the column. 

■ For medium loads, read direct- 
ly from the chart. For light loads, 
reduce the total tributary area 
supported by the column by 10% 
before reading the chart; for heavy 
loads, increase the area supported 
by 15%. 

■ Actual column sizes are shown to 9^ 
the sides of the bars. Not all avail- 
able sizes are shown. Consult a steel 
handbook for additional options. 

■ For columns located at the perim- 
eter of a building or forming part 
of a rigid frame system, select one 
nominal size larger than the least 
nominal size indicated by this chart. 

■ W14 sections are the largest stan- 
dard rolled sizes commonly avail- 
able for use as columns. Larger 
built-up sections capable of car- 
rying greater loads may be shop- 
fabricated. 

For columns taller than 12 ft (3.7 
m), read from both charts on this 
page, using the larger column size 
indicated by either one. Unbraced 
height of column is the vertical 
distance between floors or other 
supports that brace the column lat- 
erally against buckling. 

■ Actual column sizes are shown 
alongside the nominal shape 
curves. Intermediate sizes between 
those shown may be interpolated. 

■ Minimum column size will be 
larger for heavily loaded columns 
or columns that are part of rigid 
frame systems. 
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STRUCTURAL HOLLOW STEEL COLUMNS 



STRUCTURAL HOLLOW STEEL SECTIONS 

Standard shapes for structural hollow steel sections (commonly abbreviat- 
ed as HSS on structural drawings and in technical literature) include square 
tubes, rectangular tubes, and round pipes. Compared to wide-flange sec- 
tions of the same weight, tubes and pipes are more resistant to buckling 
forces, making them good choices for columns and compressive struts 
in all types of steel systems. They are employed as columns in long-span 
steel structures for their greater efficiency, and because they are available 
in lighter weights than other standard shapes, they are frequently used 
in one- or two-story steel structures as well. HSS members are popular 
choices for use in the fabrication of steel trusses and space frames, and 
their high torsional resistance makes them excellent choices for single 
post supports such as for signs or platforms. 

The simple profiles and clean appearance of hollow steel sections and 
pipes also make them popular for use where the steel may remain visible 
in the finished structure, or for structures exposed to the weather where the 
absence of moisture- and dirt-trapping profiles and ease of maintenance 
are desirable characteristics. Tubes and pipes are generally available in 
whole-inch (25-mm) sizes up to 6 or 8 in. (152 or 203 mm) and in even-inch 
(51 -mm) increments up to 12 to 16 in. (305 to 406 mm). 

^ 

FINISH DIMENSIONS OF HOLLOW STEEL SECTION 
COLUMNS 

Where finishes are applied to hollow steel section columns, the added 
thickness depends on the materials involved, the degree of fire resistance 
required, and the weight of the steel section itself (heavier sections require 
less added fire protection than lighter ones). For preliminary sizing, an 
allowance of 1 to 4 in. (25 to 100 mm) per side of column should be suf- 
ficient (a total of 2 to 8 in. or 50 to 200 mm, accounting for both sides of the 
column). In cases where fire protection is required but there is a desire for 
steel to remain exposed, more costly paint-like intumescent coatings may 
be applied to the steel. Under fire conditions, these normally thin coatings 
expand to form an insulating layer that protects the steel from the heat of 
the fire. 



FIRE-RESISTANCE RATINGS FOR HOLLOW STEEL 
SECTION COLUMNS 

Exposed hollow steel section columns may be used in both Unprotected 
Noncombustible and Unprotected Combustible Construction. For Protected 
Construction Types, fire-resistance ratings of up to 3 hours for very light 
sections and 4 hours for heavier ones are achievable with any number of 
conventional fireproofing materials applied in thicknesses of 2 to 4 in. (100 
to 200 mm) per side. Fire-resistance ratings of up to 3 hours can also be 
achieved with intumescent coatings, as described above, or with specially 
designed hollow section columns filled with concrete. 





Unbraced height of column Total tributary area 



STRUCTURAL HOLLOW STEEL COLUMNS 



100,000 ff 
9500 



1 0,000 ff 
950 ml 



1000 fe 
95 m‘ 



100 ff 
9.5 m‘ 



90' 
27.4 m 



70' 
21.3 m 



50' 
15.2 m 



30' 
9.1 m 



10 ' 

3.0 m 

100 ff 1000 ff 10,000 ff 100,000 ff 

9.5 m'’ 95 nf 9S0 m^ 9500 m^ 

Total tributary area 




- STRUCTURAL HOLLOW STEEL 

- COLUMNS— NORMAL HEIGHT 




HSS4 HSS6 HSS8 HSSIO HSS12 HSS14 

100 mm 150 mm 200 mm 250 mm 300 mm 350 mm 



Nominal column size 




The top chart is for hollow steel 
section columns up to 12 ft (3.7 m) 
tall between floors. Read in the top 
open areas for light and medium 
loads. Read in the lower solid areas 
for heavy loads. Total tributary area 
is the summed area of the roof and 
all floors supported by the column. 

■ Actual column size is equal to 
nominal size. 

■ For columns located at the perim- 
eter of a building, or ones that are 9^ 
part of a rigid frame system, select 
one nominal size larger than size 
indicated by this chart. 

For columns taller than 12 ft (3.7 
m), read from both charts on this 
page, using the larger column size 
indicated by either one. Unbraced 
height of column is the vertical dis- 
tance between floors or other sup- 
ports that brace the column later- 
ally against buckling. 

■ Minimum column size will be 
larger for heavily loaded columns 
or columns that are part of rigid 
frame systems. 
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STEEL FLOOR AND ROOF DECKING 



STEEL FLOOR DECKING 

Corrugated steel floor decking with a sitecast concrete topping is the slab 
system most commonly used over structural steel framing. Typical span 
ranges for steel floor decking used with structural steel framing are 6 to 
15 ft (1.8 to 4.6 m). Longer spans or shallower depths than those indicated 
on the chart on the facing page may be possible, although increased con- 
struction costs may result from the need for additional temporary shoring 
of the decking during erection. 



CELLULAR FLOOR DECKING 

The use of cellular decking to provide concealed spaces within the floor 
slab for the running of electrical and communications wiring may influ- 
ence the framing plan for the building. Layout requirements for such wir- 
ing systems may determine the direction in which the decking cells will 
run in various areas of the building plan. The orientation of the beams or 
joists carrying the decking will, in turn, run perpendicular to the cells in 
the decking. See page 207 for additional information on the planning of 
such systems. 



100 

STEEL ROOF DECKING 

Steel roof decking may have a sitecast concrete or gypsum topping or may 
be covered directly with a variety of board or roofing products. A common 
and economical configuration for roof decking is I'/z-in. (38-mm) metal 
decking spanning up to 8 ft (2.4 m). Many proprietary metal roof decking 
systems, with a wide variety of performance characteristics, are available. 
Consult manufacturers for more information. 



FIRE-RESISTANCE RATINGS FOR STEEL DECKING 

Steel roof and floor decking may be used in both Combustible and 
Noncombustible Construction. The fire resistance of roof or floor deck- 
ing with a concrete topping varies with the configuration of the decking 
and the thickness of the topping. Though resistance ratings of as high as 3 
hours may be possible, for preliminary design, assume that decking must 
be protected with applied fireproofing or an appropriately fire-resistive 
ceiling to achieve ratings of more than 1 hour. 






Depth of decking Total depth of slab 



STEEL FLOOR AND ROOF DECKING 




0.9 m 1.8 m 2.7 m 3.7 m 



Span 




The top chart is for corrugated or 
cellular steel floor decking with 
concrete slab topping. For light 
loads, read toward the bottom in the 
indicated areas. For heavy loads, 
read toward the top. 

■ Total depth of slab is the com- 
bined depth of the decking and 
the concrete topping. Approximate 
sizes for the steel decking alone 
are shown within the chart. 

■ For cellular decking, read toward 
the bottom in the indicated areas. 

■ Deeper deck sections with span 

capabilities exceeding 30 ft (9 m) 

are available from some manufac- 
turers. 



4" 

102 mm 



3" 

76 mm 



2 " 

51 mm 



1 " 

25 mm 




2.4m 3.7m 




The bottom chart is for corrugated 
steel roof decking. For light loads, 
read toward the right in the indi- 
cated areas. For heavy loads, read 
toward the left. 

■ Deeper section decking with 
spans exceeding 30 ft (9 m) is avail- 
able from some manufacturers. 



0 



4' 

1.2 m 



Span 



16' 

4.9 m 
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STRUCTURAL STEEL BEAMS AND GIRDERS 



Structural steel is a versatile building material. While it can be used in a 
great variety of ways, consider the following guidelines for what is most 
economical in common practice. 



FLOOR AND ROOF FRAMING 

The most economical span range for conventional steel floor and roof fram- 
ing is 25 to 40 ft (8 to 12 m). Individual column bays should be approxi- 
mately 1000 sq ft (95 m^) in area and rectangular in shape, with the long 
side 1.25 to 1.5 times as long as the shorter side. Above spans of approxi- 
mately 40 ft (12 m), consider open- web steel joists for their lighter weight 
and greater economy (see page 104). 

The spacing between individual beams depends on the applied loads 
and the decking system. Spacings from 6 to 15 ft (1 .8 to 4.6 m) are common 
with corrugated steel and concrete slab decking. Spacings up to approxi- 
mately 8 ft (2.4 m) are typical for roof decking systems. 



BEAM AND GIRDER CONFIGURATION 



The orientation of beams and girders in a floor or roof framing system 

JQ 2 may depend on a variety of factors. In relation to the building at large, it 

may be advantageous to run girders parallel to the building's shorter axis, 

the direction most susceptible to lateral forces. In this way, these stron- 
ger members can contribute additional lateral resistance to the building 
through rigid frame action. 

Within individual column bays, it is usually more economical to run 
girders in the shorter direction of a rectangular bay, allowing the lighter 
beams to span the longer distance. However, when cellular decking is 
used as part of a wiring system, beam and girder directions may be set 
so that the wire conduits within the decking run in preferred directions as 
required by communications or power distribution plans (see page 207) . 



COMPOSITE BEAMS 

In composite construction, shear studs are added to the top of the floor 
beams. This causes the concrete deck and steel framing to act as a unified 
structural element and results in reduced beam depths. Composite con- 
struction can be more economical, particularly at longer spans. However, a 
thicker concrete deck may be required. In some cases, a so-called partial 
composite design, in which fewer studs are used and less than full compos- 
ite action is achieved, proves to be the most economical solution. 




a xb = approximately 1000 ft^ 
(9Sm=’) 



For economical framing of steel bays, the 
lighter beams should span 1. 25 to I.S 
times the span of the heavier girders. Bay 
area should equal approximately 1000 ft^ 
(95 m^). 




STRUCTURAL STEEL BEAMS AND GIRDERS 




5 m 9m 14m 18m 

Span 



FIRE-RESISTANCE RATINGS FOR STEEL BEAMS 
AND GIRDERS 

Steel beams and girders may be used in both Combustible and 
Noncombustible Construction. Fire-resistance ratings of as high as 4 
hours are achievable with applied fireproofing or an appropriately fire- 
resistive ceiling. Some building codes also allow reduced fire protection 
or exposed steel for roof structures that are 15 to 25 ft (4.6 to 7.6 m) or 
more above the floor. 




This chart is for steel wide-flange 
beams, composite beams, and gird- 
ers. For average and light loads, 
read toward the right in the indi- 
cated areas. For heavy loads, read 
toward the left. 

■ Beams or girders acting as part 
of a rigid frame for lateral stability 
may be deeper than indicated by 
this chart. 

■ Standard depths of shapes come 
in 2-in. (50-mm) increments up to 18 
in. (450 mm) deep, and in 3-in. (75- 
mm) increments for larger sizes. 

■ Widths of beams and girders 
range from approximately one- 
third to one-half the depth of the 
member. Heavy sections used for 
heavy loads or to conserve depth 
may be wider. 

■ Depths of up to 36 in. (914 mm) 
are available as standard rolled 
sections. Deeper beams capable 
of longer spans may be shop-fab- 
ricated. 
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OPEN-WEB STEEL JOISTS 



OPEN- WEB STEEL JOISTS 




0 

0 30' 60' 90' 120' 

9.1m 18.3 m 27.4 m 36.6 m 

Span 




This chart is for open-web steel 
joists and joist girders for floors 
and roofs. For light loads or close 
joist spacings, read toward the right 
in the indicated areas. For heavy 
loads or large joist spacings, read 
toward the left. 

■ Joist spacings range from 2 to 10 
ft (0.6 to 3.0 m) or more, depending 
on the floor loads and the decking 
system applied over the joists. 

■ Joists generally come in depths of 
8 to 32 in. in 2-in. increments (203 to 
813 mm in 51 -mm increments) and 
from 32 to 72 in. in 4-in. increments 
(from 813 to 1829 mm in 102-mm 
increments). Availability of sizes 
varies with the manufacturer. 

■ Joist girders come in depths of 20 
to 96 in. in 4-in. increments (508 to 
2438 mm in 102-mm increments). 



OPEN- WEB JOIST FRAMING 

The light weight of open-web steel joists makes them an economical alter- 
native to conventional structural steel members for spans greater than 30 
to 40 ft (9 to 12 m). Where significant concentrated loads exist, open-web 
joists may need to be supplemented with additional structural members. 

Girders used with open-web joists may be joist girders (a heavier 
version of an open-web joist) or conventional structural steel members. 
For greater loads and spans, heavy steel trusses may also be used. For 
rectangular bays, the joists usually span the longer direction. (See pages 
102-103 for structural steel beams and girders and page 106 for heavy 
steel trusses.) 

A variety of proprietary composite systems are also available. Such 
systems are particularly effective at overcoming the excessive flexibility 
sometimes encountered with long-span joist systems. 



FIRE-RESISTANCE RATINGS 
FOR OPEN- WEB STEEL JOISTS 

Open-web steel joists may be used in both Combustible and Noncombus- 
tible Construction. Fire-resistance ratings of as high as 3 hours are achiev- 
able with applied fireproofing or an appropriately fire-resistive ceiling. 
Some building codes also permit reduced fire protection or exposed steel 
for roof structures that are 15 to 25 ft (4.6 to 7.6 m) or more above the floor. 





SINGLE-STORY RIGID STEEL FRAMES 



SINGLE-STORY RIGID STEEL 
FRAMES 



48" 
1219 mm 



36" 
914 mm 



3 

S’ 

Q 



24" 
610 mm 



12 " 
305 mm 




2S' 50' 75' 100' 

7.8 m 18.2 in 22.9 m 30.5 m 

Span 




This chart is for single-story rigid 
steel frame structures within the 
dimensional limits indicated below. 
For heavy loads, read toward the 
top in the indicated areas. For light 
loads, read toward the bottom. For 
other configurations, consult manu- 
facturers. 

■ Roof pitch: */2:12 to 4:12 



■ Wall height: 8 to 30 ft (2.4 to 9.1 jQg 

m) 

■ Depth at base: 7 to 21 in. (180 to 
535 mm) 



SINGLE-STORY RIGID STEEL FRAME 
CONFIGURATIONS AND SPANS 

Single-story rigid steel framing systems come in a variety of configura- 
tions capable of clear spans exceeding 300 ft (90 m), or even further with 
the addition of intermediate columns. Roof pitches may range from ‘/2:12 
to 12:12. Typical frame spacing is 20 to 25 ft (6.1 to 7.6 m), or as much as 
40 ft (12 m) when used with wall and roof systems capable of spanning the 
greater distance between frames. 



FIRE-RESISTANCE RATINGS FOR SINGLE-STORY 
RIGID STEEL FRAMES 

Single-story rigid steel frames may be used in both Combustible and 
Noncombustible Construction. Fire-resistance ratings of as high as 4 hours 
are achievable with applied fireproofing. Some building codes also allow 
reduced fire protection or exposed steel for roof structures that are 15 to 
25 ft (4.6 to 7.6 m) or more above the floor. 




STRUCTURAL STEEL TRUSSES 



32' 
9.8 m 



24' 
7.3 m 

s 

Q, 

Cl Jo 
4.9 m 



8 ' 
2.4 in 

106 



0 

0 60' 120' 180' 240' 

18.3 in 36.6 in 54.9 m 73.2 m 
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ECONOMICAL SPAN RANGES FOR PARALLEL 
CHORD TRUSSES 

Parallel chord trusses are most economical for spans up to 120 to 140 ft 
(35 to 45 m) due to the increased difficulty of shipping elements greater 
than 12 ft (3.7 m) deep. Triangular and bowstring trusses can be shipped 
at slightly greater depths. Trusses spanning 300 ft (90 m) or more may be 
shipped in sections and assembled on site. 

FIRE-RESISTANCE RATINGS FOR STEEL TRUSSES 

Structural steel trusses may be used in both Combustible and 
Noncombustible Construction. Fire-resistance ratings of as high as 4 hours 
are achievable with applied fireproofing or an appropriately fire-resistive 
ceiling. Some building codes also allow reduced fire protection or exposed 
steel for roof structures that are 15 to 25 ft (4.6 to 7.6 m) or more above the 
floor. 




Triangular: 






Modified 

bowstring 

Warren 

Howe 

Pratt 



The chart on this page is for steel 
trusses fabricated from structur- 
al steel members. Because these 
trusses are custom designed and 
fabricated, a great variety of shapes 
and configurations is possible. 






SITECAST CONCRETE STRUCTURAL COLUMNS 



1 he choice of sitecast concrete 
framing systems is constrained by 
the required spans (the spacing 
between walls or columns) and 
by the magnitude of the in-ser- 
vice loads. The following systems 
are listed in order of increasing 
span and load capacity. Those list- 
ed in bold type are generally the 
most economical within their span 
range. 

■ One-Way Solid Slab 

■ Two-Way Flat Plate 

■ Two-Way Flat Slab 

■ One-Way Joist 

■ Waffle Slab 

■ One-Way Beam and Slab 

■ Two-Way Beam and Slab 

For lightly loaded, short span 
conditions, consider systems from 
near the top of the list. For longer 
spans or heavier loads, consider 
systems lower down. Where cost 
is a primary consideration, prefer- 
ence should be given to those sys- 
tems listed in bold type. 



POSTTENSIONING 

The span ranges of sitecast con- 
crete systems can be increased 
by the use of posttensioned rein- 
forcing (high-tensile-strength steel 
cable reinforcing within the con- 
crete that is stretched tight after 
the concrete has cured). Charts 
for the sizing of posttensioned sys- 
tems are included in this section. 
Posttensioning also reduces the 
depth of spanning members and 
may be desirable where floor-to- 
floor heights must be kept to a 
minimum. 

The extensive use of postten- 
sioning in a concrete structure may 
limit the ease with which such a 
structure can be modified in the 
future, since penetrations in slabs 
and beams must not interrupt the 
continuity of the stressed cables 
or surrounding concrete. This may 
make posttensioning an undesir- 
able choice for buildings where 
significant change in program or 
structure is anticipated. 



ARCHITECTURAL 
SITECAST CONCRETE 
CONSTRUCTION 

The inherent fire-resistive qualities 
of concrete construction allow con- 
crete systems to remain exposed in 
completed buildings even of sig- 
nificant size. The process by which 
concrete is formed on-site, and its 
monolithic and plastic qualities as 
a finished product, also give this 
material unique architectural pos- 
sibilities. 

When designing exposed 
architectural concrete, the choice 
of system will have a significant 
impact on the building design and 
aesthetic and should be considered 
as early as possible in the design 
process. Factors to consider include j q y 

the added cost and difficulty of 

achieving high levels of finish qual- 
ity and dimensional accuracy with 
concrete, the absence of hollow 
spaces for the routing of concealed 
mechanical and electrical services, 
and the potential aesthetic quali- 
ties of the various construction ele- 
ments and systems. 
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SITECAST CONCRETE COLUMNS 



CONCRETE STRENGTH AND COLUMN SIZE 

The top chart on the facing page is based on 4000 psi (25 MPa) concrete 
with reinforcing appropriate for buildings of low to moderate height. For 
taller buildings or longer-span systems, the larger column sizes indicated 
may become uneconomical due to the increasing quantity and weight 
of materials required, as well as the greater encroachment on usable 
floor area. In these circumstances, higher-strength concrete and greater 
amounts of reinforcing can be used to maintain columns of more practical 
size. To adjust the column size in the top chart on the facing page for varia- 
tions in concrete strength, use the factors in the table to the right. 



MINIMUM COLUMN SIZES 

Square concrete columns should not be less than 10 in. (250 mm) on each 
side. Rectangular columns should not be less than 8 X 10 in. (200 X 250 
mm), with the wider side never more than three times the width of the short- 
er side. Round columns should not be less than 12 in. (150 mm) in diameter. 

For columns used with any of the two-way slab systems listed in the 
table to the right, see the pages indicated for additional limits on minimum 
1 08 column size in relation to the depth of the slab. 



Multiply 

Column 



Concrete Strength Size by: 



6000 psi 


(40 MPa) 


0.80 


8000 psi 


(48 MPa) 


0.70 


12,000 psi 


(85 MPa) 


0.60 


16,000 psi 


(110 MPa) 


0.50 



Systems 


Pages 


Sitecast Concrete 


118-119 


Two-Way Flat Plate 




Sitecast Concrete 


120-121 


Two-Way Flat Slab 




Sitecast Concrete 


122-123 


Waffle Slab 






ECONOMICAL CONCRETE COLUMN DESIGN 

Column sizes should change as little as possible throughout a building. 
Where loads vary, column size can be held constant while its load capac- 
ity is varied by adjusting the strength of the concrete mix or the amount of 
steel reinforcing. In multistory buildings, column sizes should generally not 
vary between floors. Rather, higher-strength concrete or greater quantities 
of reinforcing are used in lower-story columns to compensate for the larger 
loads on those columns. Where size variations cannot be avoided, chang- 
ing only one dimension of a column at a time, in multiples of 2-in. (50-mm) 
increments, is preferred. 

Columns should be as uniformly spaced as possible. Irregular column 
placements make formwork more expensive. Rectangular or square col- 
umns should conform to standard orthogonal alignments. Deviations from 
the normal complicate formwork where the column and the slab meet. See 
the diagrams to the right. 






VARIATIONS IN COLUMN SIZE 





VARIATIONS IN COLUMN 
PLACEMENT 



FIRE-RESISTANCE RATINGS FOR SITECAST CONCRETE 
COLUMNS 

Sitecast concrete columns may be used in both Combustible and 
Noncombustible Construction. Their fire resistance varies with the com- 
position of the concrete and the placement of reinforcing. For preliminary 
design, you may assume that a 1-hour fire-resistance rating can be achieved 
with columns not less than 8 in. (200 mm) on a side. Fire-resistance ratings 
of 2, 3, and 4 hours can be achieved with columns 10 in. (250 mm), 12 in. 
(300 mm), and 14 in. (350 mm) in minimum dimension, respectively. 




VARIATIONS IN COLUMN 
ALIGNMENT 





Unbraced height of column Total tributary area 



SITECAST CONCRETE COLUMNS 




150 mm 300 mm 450 mm 600 mm 750 mm 



Nominal square column size 





The top chart is for sitecast concrete 
columns with a clear height of up to 
10 ft (3.0 m). Clear height is the dis- 
tance from the top of the slab below 
the column to the underside of the 
slab or beam above. For light to 
medium loaded columns, read in the 
upper open area of the curve. For 
heavily loaded columns, read in the 

lower solid area. Total tributary area 

is the summed area of the roof and 
all floors supported by the column. 

■ For rectangular columns, select a 
column of area equal to the square 
size indicated. 

■ Actual column size is equal to 
nominal size. 

For columns with a clear height 
greater than 10 ft (3.0 m), read from 
both charts on this page, using the 
larger size indicated by either one. 

First, read along the line labeled 
Least dimension of column to deter- 
mine the smallest permitted size. 

Columns subject to high bending 
forces are further restricted as fol- 
lows: For those that are part of a 
rigid frame lateral force resisting 
system, the column’s minimum size 
in the direction to which it is subject 
to bending is indicated by the line 
labeled Rigid frame columns. For 
columns located close to the edge 
of the slab it supports (within one- 
quarter of a span or less), the col- 
umn’s minimum size perpendicular 
to the slab edge is indicated by the 
line labeled Edge columns. 
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SITECAST CONCRETE WALLS 



Sitecast concrete bearing walls may be used as the primary loadbearing 
element in a structural system or may be an integrated part of many other 
systems. Some of the most common uses for concrete walls include con- 
struction below grade, building structural cores, and shear walls in steel or 
concrete frame construction. 



CONCRETE STRENGTH AND WIDTH OF WALL 

The top chart on the facing page is based on 4000 psi (25 MPa) concrete 
with reinforcing levels appropriate for buildings of low to moderate height. 
For taller buildings or longer-span systems, the wider wall sizes indicated 
may become uneconomical due to the increasing quantity and weight of 
materials required, as well as the greater encroachment on usable floor 
area. In these circumstances, higher-strength concrete can be used to 
maintain walls of more practical size. To adjust the width of walls in the top 
chart on the facing page for variations in concrete strength, use the factors 
in the table to the right. 



Concrete 

Strength 


Multiply 
Width of 
Wall by 


6000 psi (40 MPa) 


0.80 


8000 psi (55 MPa) 


0.65 


12,000 psi (85 MPa) 


0.45 


16,000 psi (100 MPa) 


0.35 



DESIGN OF SITECAST CONCRETE WALLS 



110 



Nonloadbearing walls may be as thin as 4 in. (100 mm). Loadbearing 
sitecast concrete walls 6 in. (150 mm) wide should be used for light loads 
and one-story structures only. Loadbearing walls 8 in. (200 mm) wide are 
suitable for low-rise structures and light to medium loads. For taller struc- 
tures and heavy loads, use concrete walls 10 in. (250 mm) or wider. Vary 
wall thickness as little as possible. Where necessary, changes in thickness 
should be in 2- or 4-in. (50- or 100-mm) increments. 

Loadbearing wall locations should be consistent from floor to floor and 
continuous to the building foundation. Where it is desirable to omit bear- 
ing walls on a lower floor, an economical alternative may be to design the 
wall above to act as a deep beam spanning between columns at each end. 
The space between columns may then remain open. Such wall beams may 
economically span to 20 to 30 ft (6 to 9 m). 

Sitecast concrete walls are frequently used as shear walls to help stabi- 
lize buildings against wind and seismic forces. The guidelines for minimum 
widths of walls provided on these two facing pages should normally result 
in walls with sufficient capacity to also act as shear walls where required. 
In addition, conventional concrete shear walls should be proportioned so 
that their total height, from foundation to top of wall, is no more than four 
times the length of the wall. Nevertheless, with special design, taller, more 
slender walls are also practical. For more information on designing build- 
ing lateral stability systems, see pages 39-40. 



FIRE-RESISTANCE RATINGS FOR SITECAST CONCRETE 
WALLS 

Sitecast concrete walls may be used in both Combustible and 
Noncombustible Construction. Their fire resistance varies with the com- 
position of the concrete and the placement of reinforcing. For preliminary 
design, assume that a 1-hour fire-resistance rating can be achieved with a 
wall 4 in. (100 mm) in width. Fire-resistance ratings of 2, 3, and 4 hours can 
be achieved with walls 5 in. (125 mm), 6 in. (150 mm), and 7 in. (175 mm) 
in width, respectively. 



Bearing walls may act as deep beams to 
span across openings below. 




Unbraced 
length of wall 
in plan 




Unbraced 
height of 
wall in 
elevation 



UNBRACED HEIGHT OR LENGTH 
OF CONCRETE WALLS 






Unbraced height of wall Total tributary width 



SITECAST CONCRETE WALLS 



2000 ’ 
600 m 
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1000 ' 
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ISOm 
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6" 8" 10" 12" 14" 



ISO mm 200 mm 2S0 mm 300 mm 3S0 mm 



Nominal width of wall 





The top chart is for sitecast con- 
crete walls up to 10 ft (3.0 m) tall 
between floors. For light loads, 
read in the upper open area of the 
curve. For medium to heavy loads, HI 
read in the lower solid area. Total 
tributary width is one-half the span 
of one floor supported by the wall 
multiplied by the number of floors 
and roof above. 

■ Actual width of the wall is equal 
to its nominal width. 

For walls greater than 10 ft (3.0 m) 
in height, read from both charts 
on this page, using the larger size 
indicated by either chart. Unbraced 
height of wall is the vertical dis- 
tance between floors or other sup- 
ports that brace the wall laterally 
against buckling along the wall’s 
vertical axis. 

Use the lower chart to also 
check the Maximum unbraced 
length of wall, the maximum per- 
missible length of the wall between 
crosswalls, pilasters, or other ele- 
ments bracing the wall along its 
horizontal axis. (See the diagrams 
on the facing page.) Starting with 
the wall’s nominal width, read up 
to the curve and then across to the 
scale on the right-hand side of the 
chart to determine the wall’s maxi- 
mum length between supports. 
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SITECAST CONCRETE BEAMS AND GIRDERS 



ECONOMICAL BEAM DESIGN 

Sitecast concrete is a versatile building material with unique expressive 
potential. While it can be used in a great variety of ways, for maximum 
economy, consider the following guidelines. 

Maintain uniform sizes of beams throughout the building to the great- 
est extent possible. Size the beam with the longest span, using the chart 
on the facing page. Beams with shorter spans can often be the same size 
with reduced reinforcement. Use beam widths equal to or greater than the 
widths of the columns supporting them. 

In some systems, an economical alternative to conventionally sized 
beams and girders is wide, shallow beams called slab bands (for solid 
slab construction) or joist bands (for one-way joist construction). Savings 
in floor-to-floor heights are possible with the reduced depth of beam, and 
formwork costs are reduced. The depth of the slab itself may be reduced 
as well, since with broader beams, the span of the slab between beams is 
lessened. See pages 114-115 for slab bands and pages 116-117 for joist 
bands. 



FIRE-RESISTANCE RATINGS FOR 
SITECAST CONCRETE BEAMS AND GIRDERS 

Sitecast concrete beams and girders may be used in both Combustible and 
Noncombustible Construction. Their fire-resistance ratings vary with the 
composition of the concrete and the placement of reinforcing. For prelimi- 
nary design, concrete beams and girders with a width of 10 in. (250 mm) 
may have an assumed fire-resistance rating of 4 hours. 





SITECAST CONCRETE ONE-WAY SOLID SLAB 



One-way solid slab construction supported by bearing walls is the least 
expensive sitecast concrete framing system for short spans and light loads. 
It is a popular concrete construction system for multiple dwelling building 
types such as apartments or hotels, where the regular spacing of bearing 
walls is easily coordinated with the layout of the small, uniformly arranged 
rooms typical of these buildings. 



ONE-WAY BEAM AND SLAB SYSTEMS 

The addition of beams and girders to one-way solid slab construction can 
increase the load capacity and span range of the system and eliminate the 
need for regularly spaced walls in the building plan. However, with the 
increased complexity of beam and girder formwork, the beam and slab 
system is one of the most expensive of all sitecast concrete systems. One- 
way beam and slab construction is usually economical only where long 
spans or high loads must be accommodated, such as with industrial uses 
or in areas of high seismic risk. 

Slab bands can be an economical alternative to conventional deeper 
beams when beams are used. Savings in floor-to-floor heights are possible 
with the reduced beam depths, and formwork costs are reduced. The depth 
of the slab itself may be reduced as well, since with the broader beams, the 
114 span of the slab between the beams is lessened. 

Maximum repetition of standard sizes increases the economy of slab 
and beam systems. Wherever possible, beam depths should be sized for 
the longest spans, and then the same depths should be used throughout. 
Beam widths and spacings, slab depths, and column sizes and spacings 
should all vary as little as possible within the structure. 



FIRE-RESISTANCE RATINGS FOR ONE-WAY SOLID SLAB 
CONSTRUCTION 

Sitecast concrete one-way solid slabs may be used in both Combustible 
and Noncombustible Construction. Their fire resistance varies with the 
composition of the concrete and the placement of reinforcing. Use the fol- 
lowing guidelines for preliminary design: 

To achieve a 3-hour fire-resistance rating, a solid slab must be at least 
6.5 in. (165 mm) thick. For a 2-hour rating, the minimum thickness is 5 in. 
(127 mm); for I /2 hours, 4.5 in. (1 14 mm); and for 1 hour, 3.5 in. (89 mm). 




ONE-WAY SOLID SLAB WITH 
BEARING WALLS 




ONE-WAY SOLID SLAB WITH BEAMS 








Depth of band £)epa of slab 



SITECAST CONCRETE ONE-WAY SOLID SLAB 
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SITECAST CONCRETE 
SLAB BANDS 
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The top chart is for sitecast concrete 
one-way solid slab construction, 
either conventionally reinforced or 
posttensioned. For light to medium 
loads, read toward the right in the 
indicated areas. For heavy loads, 
read toward the left. 



■ Size slab depth up to the nearest 
‘/a in. (10 mm). 

■ For the sizing of concrete beams, 
see pages 1 12-1 13. 




The bottom chart is for concrete 
slab bands — deep, wide beams 
that can be used with one-way solid 
slab construction. For light loads, 
read toward the right in the indi- 
cated areas. For heavy loads, read 
toward the left. 

■ Size beam depths to the nearest 
inch (25 mm) and widths to the 
nearest foot (300 mm). 

■ Typical widths for slab bands 
range from one-sixth to one-third 
of the span of the slab between 
the beams. For slab bands that are 
relatively deep or that span short 
distances, choose a narrow width. 
For slab bands that are relatively 
shallow or that span long distances, 
choose a wider width. 



Span 



SIZING THE STRUCTURAL SYSTEM 





SITECAST CONCRETE ONE-WAY JOISTS 



One-way joist construction is an economical system for heavy loads or rel- 
atively long spans. This system is also sometimes desirable for the distinc- 
tive appearance of the underside of the slab, which may be left exposed in 
finished construction. 



JOIST LAYOUT 

The spacing of joists depends on the widths of the pans and the joists. 
Standard pan widths are 20 and 30 in. (508 and 762 mm). Joists typically 
range in width from 5 to 9 in. (127 to 229 mm). A 6-in. (152-mm)-wide joist 
may be assumed for preliminary purposes. 

In medium- and light-load applications, alternate joists may be omitted 
for greater economy. This system, called wide module or skip joist construc- 
tion, is economical for spans of up to approximately 40 ft (12 m). In some 
instances, joist spacing may be increased to as much as 9 ft (2.7 m). 

In long-span or heavy-load applications, joists may be broadened 2 to 
2‘/2 in. (50 to 65 mm) over the last 3 ft (1 m) toward their ends for increased 
shear capacity. 

For joist spans of greater than 20 ft (6.1 m), distribution ribs running 
perpendicular to the joists are required. These ribs are 4 in. (102 mm) wide 
and the same depth as the joists. For longer spans, allow a maximum of 15 
1 16 ft (4.6 m) between evenly spaced lines of ribs. 

The economy of this system depends on the maximum repetition of 
standard forms and sizes. Depths, thicknesses, and spacings should vary 
as little as possible. 





Joist bands usually run the shorter direc- 
tion in rectangular bays. 



JOIST BANDS 

The use of joist bands the same depth as the joists is a highly economical 
alternative to conventional deeper beams. This system reduces building 
height, speeds construction, and simplifies the installation of building utili- 
ties. In some instances, it may even prove economical to use a joist system 
deeper than otherwise necessary in order to match the required depth of 
the joist bands. 

With rectangular column bays and normal to heavy loads, joist bands 
should usually run in the shorter direction. 



FIRE-RESISTANCE RATINGS FOR ONE-WAY 
JOIST CONSTRUCTION 



□ □ 




With light loads, it may be more economi- 
cal to run joist bands in the long direction 
in a rectangular bay. 



Sitecast concrete one-way joists may be used in both Combustible and 
Noncombustible Construction. Their fire resistance varies with the compo- 
sition of the concrete and the placement of reinforcing. Use the following 
guidelines for preliminary design: 

A slab that is 3 in. (76 mm) deep between joists has a fire-resistance rat- 
ing of 0 to 1 /2 hours. A 4'/2-in. (11 4-mm)-deep slab provides 1 ‘/2 to 3 hours of 
fire protection. For higher fire-resistance ratings, the slab thickness may be 
increased, fireproofing materials may be applied to the underside of the 
joists and slab, or an appropriately fire-resistive ceiling may be used. 






SITECAST CONCRETE ONE-WAY JOISTS 
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The top chart is for sitecast con- 
crete one-way joist construction, 
either conventionally reinforced or 
posttensioned. For light loads, read 
toward the right in the indicated 
areas. For heavy loads, read toward 
the left. 

■ Total depth is measured from the 
bottom of the joist to the top of the 
slab. (See the diagram on the facing 
page.) Depths are indicated on the 
chart for slabs of 3 to 4/a in. (76 to 
114 mm) deep with standard pan 
sizes. The choice of the slab depth 
usually depends on the required 
fire-resistance rating for the system. 




The bottom chart is for concrete 
joist bands — deep, wide beams 
used with the one-way joist sys- 
tem. For light loads, read toward 
the right in the indicated areas. For 
heavy loads, read toward the left. 

■ For economy of formwork, use a 
joist band of the same depth as the 
joists. 

■ Typical widths for joist bands 
range from 1 to 6 ft (0.3 to 1.8 m). 



SIZING THE STRUCTURAL SYSTEM 





SITECAST CONCRETE TWO-WAY FLAT PLATE 



Two-way flat plate construction is one of the most economical concrete 
framing systems. This system can span farther than one-way slabs, and the 
plain form of the slab makes it simple to construct and easy to finish. This 
system is a popular choice, for example, for apartment and hotel construc- 
tion, where it is well suited to the moderate live loads, and the flexibility 
of its column placements permits greater ease of unit planning and layout 
than with a one-way system. 












COLUMN LAYOUTS FOR FLAT PLATE CONSTRUCTION 

For maximum economy and efficiency of the two-way structural system, the 
following guidelines on column placement should be followed whenever 
possible: 

Column bays are most efficient when square or close to square. When 
rectangular bays are used, the sides of the bays should differ in length by 
a ratio of no more than 2:1. 

Individual columns may be offset by as much as one-tenth of the span 
from regular column lines. (Columns on floors above and below an offset 
column must also be equally offset to maintain a vertical alignment of col- 
umns.) 

Successive span lengths should not differ by more than one-third of 
1 18 the longer span. Slabs should also span over at least three bays in each 
direction. 



SQUARE BAYS 







2L maximum 



RECTANGULAR BAYS 



TWO-WAY SLAB AND BEAM CONSTRUCTION 

Two-way slab and beam construction uses beams to support the slab 
between columns. The high construction costs of this system make it eco- 
nomical only for long spans and heavy loads, such as in heavy industrial 
applications, or where high resistance to lateral forces is required. For 
preliminary sizing of slab depths, read from the area for posttensioned 
construction in the chart on the facing page. 





I maximum 




minimum 



COLUMN OFFSETS AND BAY SIZE 



FIRE-RESISTANCE RATINGS FOR TWO-WAY FLAT 
PLATE CONSTRUCTION 



Sitecast concrete two-way flat plate construction may be used in both 
Combustible and Noncombustible Construction. Its fire resistance varies 
with the composition of the concrete and the placement of reinforcing. Use 
the following guidelines for preliminary design: 

To achieve a 3-hour fire-resistance rating, the slab must be at least 6.5 
in. (165 mm) thick. For a 2-hour rating, the minimum thickness is 5 in. (127 
mm); for I /2 hours, 4.5 in. (1 14 mm); and for 1 hour, 3.5 in. (89 mm). 




TWO-WAY SLAB AND BEAM 
CONSTRUCTION 
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This chart is for sitecast concrete 
flat plate construction, either con- 
ventionally reinforced or postten- 
sioned. For medium to light loads, 
read toward the right in the indi- 
cated areas. For heavy loads, read 
toward the left. 

■ For rectangular column bays, use 
the span of the longer of the two 
sides of the bay in reading from 
this chart. 

■ Size slab depth to the nearest 
‘/a in. (10 mm). 
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COLUMN SIZES FOR FLAT PLATE CONSTRUCTION 

The shallow depth of the junction between the slab and the column in flat plate 
construction restricts the minimum column size in this system. The right-hand 
scale on the chart above provides minimum square column sizes for various 
slab thicknesses. The required minimum column sizes for this system also 
depend on the applied loads on the structure. For light loads, reduce the indi- 
cated column size by 2 in. (50 mm). For heavy loads, increase the column size 
by 2 to 4 in. (50 to 100 mm). 

■ For rectangular columns, use a column whose area is equal to that of the 
square column indicated. For round columns, use a column diameter one-third 
greater than the square column size indicated. Column sizes may also need to 
be increased at the edges of a slab. 

■ For columns in multistory buildings or for columns over 12 ft (3.7 m) tall, 
column size should also be checked using the charts on pages 108-109. 

■ If smaller column sizes are desired, consider two-way flat slab construction 
as an alternative. See pages 120-121. 





SITECAST CONCRETE TWO-WAY FLAT SLAB 



The two-way flat slab system is distinguished from flat plate construction 
by the strengthening of the column-to-slab junction, such as in the form of 
drop panels and/or column caps. Flat slab construction is an economical 
alternative to flat plate construction for heavier loads and longer spans. It 
also has increased resistance to lateral forces and, in some circumstances, 
may permit smaller columns than flat plate construction. However, the drop 
panels and column caps used in this system result in increased construction 
costs and greater overall floor depths than with flat plate construction. 



DROP PANELS, COLUMN CAPS, AND SHEARHEADS 

All flat slab construction requires some form of strengthening at the col- 
umn-to-slab junction. Most commonly this is accomplished with the addi- 
tion of drop panels, a deepening of the slab in the column region. 

Alternatively, column caps, a widening of the columns toward their tops, 
may be used in place of drop panels where the loads on the slab are light 
or in conjunction with drop panels where loads are very high. Where all 
such formed elements are considered undesirable, special arrangements 
of steel reinforcing in the slab, termed shearheads, may be a feasible alter- 
native to these methods. 

The minimum size for drop panels is a width of one-third the span of 
120 the slab and a total depth of one and one-fourth times the depth of the slab. 
For heavy loads, greater panel sizes may be required. 

For maximum economy, keep all drop panels the same dimensions 
throughout the building. The difference in depth between the slab and the 
drop panels should be equal to a standard lumber dimension. The edges 
of drop panels should be a minimum of 16 ft 6 in. (5.0 m) apart to utilize 
standard 16-ft (4.9-m) lumber in the formwork. 

When column caps are used, their overall width should be eight to ten 
times the slab depth. Column caps are commonly either tapered or rect- 
angular in profile, but should be approximately half as deep as their width 
at the top. 

The addition of beams to flat slab construction can increase the load 
capacity and span range of the system, though with increased costs. 



FIRE-RESISTANCE RATINGS 

FOR TWO-WAY FLAT SLAB CONSTRUCTION 

Sitecast concrete two-way flat plate construction may be used in both 
Combustible and Noncombustible Construction. Its fire resistance varies 
with the concrete composition and the placement of reinforcing. Use the 
following guidelines for preliminary design: 

To achieve a 3-hour fire-resistance rating, the slab must be at least 6.5 
in. (165 mm) thick. For a 2-hour rating, the minimum thickness is 5 in. (127 
mm); for I /2 hours, 4.5 in. (1 14 mm); and for 1 hour, 3.5 in. (89 mm). 




DROP PANELS AND COLUMN CAPS 




DROP PANEL WIDTH 




DROP PANEL DEPTH 




SITECAST CONCRETE TWO-WAY FLAT SLAB 
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This chart is for concrete two-way 
flat slab construction, either con- 
ventionally reinforced or postten- 
sioned. For light loads, read toward 
the right in the indicated areas. For 
heavy loads, read toward the left. 

■ For rectangular column bays, use 
the span of the longer of the two 
sides of the bay in reading from 
this chart. 

■ Size slab depth to the nearest 
V 2 in. (10 mm). 
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COLUMN SIZES AND LAYOUTS FOR 
FLAT SLAB CONSTRUCTION 

For light to moderate loads, use a minimum square column size of 12 in. (300 
mm) for preliminary design. For heavier loads, larger columns or the addition 
of column caps may be required. Column size may be increased by 4 to 12 in. 
(100 to 300 mm) for extremely heavy loads. 

For rectangular columns, use a column whose area is equal to that of the 
recommended square column size. For round columns, use a column diameter 
one-third greater than the recommended square column size. Column sizes 
may also need to be increased in multistory buildings or for columns taller 
than 12 ft (3.7 m). See pages 108-109 for checking column sizes for these 
conditions. 

For maximum economy and efficiency of the two-way structural system, 
column layouts for flat slab construction should adhere to the same guidelines 
as those described for flat plate construction. Column bays should be approxi- 
mately square, and column offsets from regular lines should be minimized. See 
page 118 for a complete discussion of these guidelines. 




SITECAST CONCRETE WAFFLE SLAB 



The concrete waffle slab (or two-way joist) system is best suited for long 
spans, heavy loads, and where a thicker floor system is not a disadvantage. 
It exhibits excellent vibration control, a consideration for some manufac- 
turing and laboratory facilities. It may have economic advantages where 
concrete material costs are very high. And the underside of the waffle slab 
has a distinctive appearance that can be an architectural asset. However, the 
waffle slab also requires complex formwork to construct, making it a less 
favored choice where other, simpler sitecast concrete systems are feasible. 



RIB LAYOUT FOR WAFFLE SLAB CONSTRUCTION 




Standard 19-in. (483-mm) domes are used with ribs that are 5 in. (127 mm) 
wide to create a 24-in. (610-mm) module. Domes of 30 in. (762 mm) are 
used with 6-in. (152-mm) ribs to create a 36-in. (914-mm) module. Standard 
domes are also available for 4- and 5-ft (1.2- and 1.5-m) modules, and other 
square or rectangular sizes can be specially ordered. 

Solid heads must be created over columns by omitting domes in the 
vicinity of each column and pouring the slab flush with the bottom of the 
ribs. The number of domes omitted varies, increasing with longer spans 
and heavier loads. In some cases, solid strips may extend continuously 
between columns in both directions. 

122 The economy of this system depends on the maximum repetition of 
standard forms and sizes. Depths, thicknesses, and spacings should vary 
as little as possible. 



EDGE CONDITIONS 



Solid column 




At waffle slab edges, the area between the outermost rib and the edge of 
the slab edge is filled solid to create an edge beam. Where the slab edge 
occurs over a line of columns, this edge beam runs column-to-column as a 
column strip. The slab may also cantilever beyond the columns by as much 
as one-third of a full span. In this case, both an edge beam and a solid strip 
running between the edge columns may be required. 



FIRE-RESISTANCE RATINGS FOR 
WAFFLE SLAB CONSTRUCTION 

Sitecast concrete waffle slabs may be used in both Combustible and 
Noncombustible Construction. Their fire resistance varies with the compo- 
sition of the concrete and the placement of reinforcing. Use the following 
guidelines for preliminary design: 

A 3-in. (76-mm) slab thickness between ribs gives a fire-resistance 
rating of 0 to 1 hour. A 3'/z-in. (89-mm) thickness gives a rating of 1 hour, 
a 4!/2-in. (114-mm) thickness gives a rating of I'/z hours, and a 5-in. (127- 
mm) thickness gives a rating of 2 hours. For higher fire-resistance ratings, 
the slab thickness may be increased further, fireproofing materials may 
be applied to the underside of the ribs and slab, or an appropriately fire- 
resistive ceiling may be used. 





SITECAST CONCRETE WAFFLE SLAB 
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COLUMN SIZES AND LAYOUTS FOR 
WAFFLE SLAB CONSTRUCTION 

In waffle slab construction, minimum column size is dependent on the over- 
all thickness of the slab. The right-hand scale on the chart above provides 
minimum square column sizes for various slab thicknesses. For light loads, 
reduce the indicated column size by 2 to 4 in. (50 to 100 mm). For heavy 
loads, increase the indicated column size by 4 to 12 in. (100 to 300 mm). 

For rectangular columns, use a column whose area is equal to that of 
the square column indicated. For round columns, use a column diameter 
one-third greater than the square column size indicated. 

For columns in multistory buildings or for columns over 12 ft (3.7 m) 
tall, column size should also be checked using the charts on pages 108-109. 

For maximum economy and efficiency of the two-way structural sys- 
tem, column layouts for waffle slab construction should adhere to the same 
guidelines as those described for flat plate construction. Column bays 
should be approximately square, and column offsets from regular lines 
should be minimized. See page 118 for a complete discussion of these 
guidelines. 




This chart is for concrete waffle slab 
construction, either conventionally 
reinforced or posttensioned. For 
light loads, read toward the right 
in the indicated areas. For heavy 
loads, read toward the left. 

■ For rectangular bays, use the 
average of the spans of the two 
sides of the bay when reading from 
this chart. 
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■ Total depth is the sum of the 
depth of the ribs and the slab. (See 
the diagram on the facing page.) 
Depths are indicated on the chart 
for slabs from 3 to AVs. in. (76 to 
114 mm) deep with standard pan 
sizes. The choice of the slab depth 
usually depends on the required 
fire-resistance rating for the sys- 
tem. See the facing page for fire- 
resistance information. 





PRECAST CONCRETE STRUCTURAL SYSTEMS 



Compared to sitecast concrete, 
precast prestressed concrete fram- 
ing systems are characterized by 
reduced depths and deflections 
for spanning members, faster con- 
struction, and increased quality 
and durability of the concrete itself. 
Where future changes to a structure 
are anticipated, precast concrete 
may be a good choice due to the 
relative ease with which individu- 
al elements in the system can be 
removed or replaced. The difficulty 
of fabricating rigid joints in precast 
concrete structures leads to a great- 
er reliance on shear walls or cross 
bracing to achieve lateral stability 
than in sitecast concrete structures 
and makes them potentially more 
sensitive to vibrations produced by 
heavy machinery or other sources. 
Precast concrete spanning elements 
are also often used in combination 
with other site-fabricated vertical 
loadbearing systems such as site- 
cast concrete, masonry, or steel. 



SELECTING A 
PRECAST CONCRETE 
FRAMING SYSTEM 

The initial choice of a framing 
system should be based on the 
desired spanning capacity or col- 
umn spacing of the system and the 
magnitude of the expected loads 
on the structure. The following pre- 
cast concrete systems are listed 
in order of increasing spans, load 
capacity, and cost: 

■ Solid Flat Slab 

■ Hollow Core Slab 

■ Double Tee 

■ Single Tee 

For short spans and light loads, 
select a system near the top of the 



list. For longer spans and heavier 
loads, systems toward the bottom of 
the list are required. 

As with sitecast concrete, the 
inherent fire-resistive qualities of 
precast concrete construction allow 
these systems to remain wholly or 
partially exposed in the finished 
building. For this reason, the choice 
of a concrete framing system often 
has architectural implications that 
should be considered early in the 
design process. These include, for 
example, the absence of hollow 
spaces for the routing of concealed 
mechanical and electrical services, 
the possible use of the underside of 
the structural slab as a finish ceil- 
ing, and the aesthetic qualities of 
the system. 



LAYING OUT A PRECAST 
CONCRETE SYSTEM 

The economy of precast concrete 
construction depends on the rep- 
etition of standard elements and 
sizes. Use the following guidelines 
for preliminary layout of a precast 
concrete structure to ensure maxi- 
mum economy: 

■ In the direction of the span of the 
deck members, use a modular 
dimension of 1 ft (0.3 m). If a wall 
panel has been selected, use the 
width of the panel as the modu- 
lar dimension. 

■ In the direction transverse to the 
span of the deck members, use 
a module of 8 ft (2.4 m). If a deck 
member has been selected, use 
the width of that member as the 
modular dimension. 

■ Floor-to-floor heights need not 
be designed to any particular 
module, though the maximum 
repetition of the dimension cho- 



sen is desirable. Where precast 
wall panels are used, floor-to- 
floor heights should be coordi- 
nated with the height of the wall 
panel. 

■ Restrictions due to shipping 
and handling of members usu- 
ally limit span lengths to 60 to 
80 ft (18 to 24 m). Further trans- S 
portation restrictions on depths ^ 
of elements usually limit bay « 
widths to between 24 and 40 ft g 
(7 and 12 m) where girders are g 
used. o 

§ 

In general, any design features ^ 
that require unique structural ele- ^ 
ments, excessive variations in the 
sizes of elements, alterations in g 
structural configuration, or devia- m 

tion from the standard dimensions 

of the system should be avoided. ^25 

Where the maximum flexibility of 

layout with precast concrete ele- 
ments is desired, solid flat slabs or 
hollow core slabs may be preferred 
over double or single tees for their 
shorter spans and the greater ease 
with which they may be sawn after 
casting to conform to irregular con- 
ditions. 



The economy of precast concrete 
construction increases with the size 
of the construction project. The 
following figures are approximate 
minimum quantities for which the 
production of precast concrete ele- 
ments may be economical: 

■ 10,000 sq ft (1000 m^) of archi- 
tectural wall panels, or 

■ 15,000 sq ft (1500 m^) of deck or 
slab members, or 

■ 1000 linear feet (300 m) of gird- 
ers, columns, or pilings. 



PROJECT SIZE 




PRECAST CONCRETE COLUMNS 



Precast concrete columns are most commonly combined with precast 
beams in a post and beam configuration. Unlike sitecast concrete, where 
rigid or semirigid joints between columns and beams are easily made, in 
precast concrete framing such joints are more difficult to construct. For this 
reason, precast concrete framing systems most often rely on shear walls or 
braced framing for resistance to lateral forces. 

Precast concrete columns are usually provided with conventional 
reinforcing. Prestressing may be used to reduce stresses on the columns 
during transportation and handling or to improve a column’s resistance to 
anticipated bending forces in service. 




STANDARD SIZES AND SHAPES FOR PRECAST CONCRETE 
COLUMNS 

Precast concrete columns are most commonly available in square profile 
in the sizes indicated on the charts on the facing page. Rectangular shapes 
can also be produced, although availability may vary with suppliers. For 
larger projects (requiring 1000 linear ft, or 300 m, or more of columns), 
economies of scale may make practical a greater range of sizes and con- 
figurations. 

Columns up to approximately 60 ft (18 m) in length can be transported 
126 easily. Columns up to approximately 1 00 ft (30 m) in length may be shipped 
with special transportation arrangements. 

For ease of casting, columns with corbels should be limited to corbels 
on two opposite sides or, at most, three sides. 

Like all precast concrete elements, precast columns should be as 
consistent and regular as possible in dimensions and layout in order to 
achieve maximum economy. 



PRECAST CONCRETE COLUMN 
WITH TWO CORBELS 



CONCRETE STRENGTH AND COLUMN SIZE 

The top chart on the facing page is based on 5000 psi (35 MPa) concrete. 
Higher-strength concrete may also be used to reduce the required column 
size. To adjust the column sizes indicated in the top chart for variations in 
concrete strength, use the factors in the table to the right. 



FIRE-RESISTANCE RATINGS FOR PRECAST CONCRETE 
COLUMNS 



Concrete Strength 



Multiply 
Column 
Size by 



6000 psi 


(40 MPa) 


0.90 


7000 psi 


(50 MPa) 


0.85 


8,000 psi 


(55 MPa) 


0.80 


10,000 psi 


(70 MPa) 


0.70 



Precast concrete columns may be used in both Combustible and 
Noncombustible Construction. Their fire resistance varies with the com- 
position of the concrete and the placement of reinforcing. For preliminary 
design, you may assume that a 2-hour fire-resistance rating can be achieved 
with columns not less than 10 in. (250 mm) on a side. Fire-resistance ratings 
of 3 and 4 hours can be achieved with columns 12 in. (300 mm) and 14 in. 
(350 mm) in the minimum dimension, respectively. 





Unbraced height of column Total tributary area 



PRECAST CONCRETE COLUMNS 




200 mm 300 mm 400 mm 500 mm 600 mm 



Nominal square column size 




8" 12" 16" 20" 24" 

200 mm 300 mm 400 mm 500 mm 600 mm 



Nominal column size 




The top chart is for precast con- 
crete columns up to 12 ft (3.7 m) tall 
between floors. For light to medium 
loads, read in the upper open areas 
of each bar. For high loads, read in 
the lower solid areas. Total tributary 
area is the summed area of the roof 
and all floors supported by the 
column. 

■ For rectangular columns, select a 127 
column of area equal to the square 

size indicated. 

■ Actual column size is equal to 
nominal size. 

For columns taller than 12 ft (3.7 
m), read from both charts on this 
page, using the larger size indicat- 
ed by either one. Unbraced height 
of column is the vertical distance 
between floors or other supports 
that brace the column laterally 
against buckling. 

■ For rectangular columns, read the 
chart’s nominal column size using 
the least dimension of the column. 
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PRECAST CONCRETE WALL PANELS 



1 here is great variety in precast concrete wall panel types for applica- 
tions ranging from single-family residential buildings to tall commercial 
structures. Panels may be prestressed or conventionally reinforced; they 
may be loadbearing or nonbearing; they may or may not contribute to the 
lateral stability of a building; they may be flat, ribbed, or more intricately 
shaped; and they may be solid, hollow, or a sandwich of concrete with an 
insulating core. Precast concrete wall panels may be used in conjunction 
with a precast concrete framing system or with other framing systems, such 
as steel or concrete. 



PANEL TYPES 

Flat panels may be one to two stories high. Ribbed panels may be up to 
four stories high. 

Wall panels may also be formed in a great variety of unique shapes. 
The design of such panels depends on knowledge of precasting meth- 
ods. When the use of such panels is planned, the necessary consultants 
or suppliers should be sought out early in the design process. For the 
preliminary sizing of such panels, use the chart for ribbed panels on the 
facing page. Such loadbearing wall panels may be used in buildings up to 
approximately 16 to 20 stories in height. 

Panels with openings usually are not prestressed. Panels without open- 
ings may be prestressed to reduce thickness or to limit stresses in the 
panels during transportation and handling. 



SIZES OF PRECAST CONCRETE WALL PANELS 

Solid panels are commonly available in thicknesses of S'A to 10 in. (89 to 
254 mm). Sandwich or hollow core panels range in thickness from SYs to 12 
in. (140 to 305 mm). Ribbed wall panels are commonly available in thick- 
nesses of 12 to 24 in. (305 to 610 mm). 

For preliminary design, assume an 8-ft (2.4-m) width for all panel 
types. With special provisions, panels in widths of up to approximately 14 
ft (4.3 m) may be transported without excessive economic penalty. 



FIRE-RESISTANCE RATINGS FOR 
PRECAST CONCRETE WALL PANELS 

Precast concrete wall panels may be used in both Combustible and 
Noncombustible Construction. Their fire resistance varies with the com- 
position of the concrete and the type and placement of reinforcing. In 
sandwich panels, core insulation influences fire resistance as well. The fol- 
lowing guidelines may be used for preliminary design: 

Panels must be at least 6.5 in. (165 mm) thick to achieve a fire-resis- 
tance rating of 4 hours. A 3-hour rating is achieved at a thickness of 6 in. 
(152 mm), a 2-hour rating at 5 in. (127 mm), and a 1-hour rating at 3.5 in. 
(89 mm). 







Height of panel Height of panel 



PRECAST CONCRETE WALL PANELS 



PRECAST CONCRETE FLAT 
WALL PANELS 




3" 

76 mm 



Hollow core or sandwich panels 

< > 

Solid panels 



6" 9" 12" 

152 mm 229 mm 305 mrn 
Depth of panel 



The top chart is for flat precast con- 
crete wall panels, either prestressed 
or conventionally reinforced. For 
nonbearing panels, read toward 
the left in the indicated areas. For 
loadbearing panels, read toward 
the right. 



PRECAST CONCRETE 
RIBBED OR SPECIALLY 
FORMED WALL PANEL! 


3 
















































0 6" 12" 18" 24" 

152 mm 305 mm 4S7 mm 610 mm 
Depth of panel 



The bottom chart is for precast con- 
crete wall panels formed with ribs, 
stems, or other stiffening features. 
For nonbearing or prestressed pan- 
els, read toward the left in the indi- 
cated area. For loadbearing panels, 
conventionally reinforced panels, 
or panels with integral window 
openings, read toward the right. 

■ Depth of panel is the total depth 
of the panel and any stiffening fea- 
tures. 

■ For the preliminary design of 
spandrel panels, use the distance 
between columns for the height 
indicated on either chart. 
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PRECAST CONCRETE BEAMS AND GIRDERS 



Precast prestressed concrete girders are commonly used to carry all vari- 
eties of precast concrete decking elements between columns or bearing 
walls. They can be used in any building type where precast concrete con- 
struction is to be considered. 



TOTAL DEPTH OF FLOOR SYSTEMS 

Rectangular beams are commonly used with solid or hollow core slabs 
resting on top of the beam. Total floor depth at the beam is the sum of the 
depths of the slab, the topping if any, and the beam. 

Inverted T- and L-beams are commonly used with double and single 
tees. When they are erected, the top of the tees should be level with or 
slightly above the top of the beam. When the tees rest directly on the beam 
ledge, the total floor depth at the beam is the depth of the tee, the top- 
ping if any, and the depth of the ledge. Deeper tees may have their ends 
notched or “dapped” so as to rest lower on the beam. The use of dapped 
tees may result in total floor depths of as little as the depth of the tee itself 
plus any topping. 



1 1 










Total 

depth 



RECTANGULAR BEAM WITH SOLID OR 
HOLLOW CORE SLABS 




INVERTED T-BEAM WITH SINGLE OR 
DOUBLE TEES 



FIRE-RESISTANCE RATINGS FOR 

130 PRECAST BEAMS AND GIRDERS 

Precast concrete beams and girders can be used in both Combustible and 
Noncombustible Construction. Their fire resistance varies with the com- 
position of the concrete and the placement of reinforcing. The following 
guidelines may be used for preliminary design: 

A prestressed concrete beam that is not smaller than 9.5 in. (241 mm) 
in width has a fire-resistance rating of 3 hours. For a 2-hour rating the mini- 
mum width is 7 in. (178 mm), and for 1 hour it is 4 in. (102 mm). 













E 
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Total 

depth 



INVERTED T-BEAM WITH DAPPED 
TEES 




PRECAST CONCRETE BEAMS AND GIRDERS 





This chart is for precast concrete 
beams and girders. For light loads 131 
or close beam spacings, read 
toward the right in the indicated 
area. For heavy loads and large 
beam spacings, or for girders, read 
toward the left. 



COMMON SIZES OF PRECAST CONCRETE 
BEAMS AND GIRDERS 

Rectangular beams commonly range in depth from 18 to 48 in. (450 to 1200 
mm). Widths range from 12 to 36 in. (300 to 900 mm). 

Inverted T- and L-beams commonly range in depth from 18 to 60 in. 
(450 to 1500 mm), although sections deeper than 48 in. (1200 mm) may be 
subject to shipping or handling restrictions. Widths of the beam stem (not 
including the ledges) range from 12 to 30 in. (300 to 750 mm). 

Standard dimensions for beam ledges are 6 in. (150 mm) wide and 12 
in. (300 mm) deep. 

Beam sizes typically vary in increments of 2 or 4 in. (50 or 100 mm). 
Availability of sizes varies with suppliers. 




152 mm beam stem 
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PRECAST CONCRETE SLABS 



Precast prestressed concrete solid and hollow core slabs are commonly 
used in hotels, multifamily dwellings, commercial structures, hospitals, 
schools, and parking structures. Lighter weight slab systems also find use 
in residential home construction. 



CONCRETE TOPPING ON PRECAST SLABS 

Sitecast concrete topping is often applied over precast concrete slabs to 
increase the structural capacity of the slab, increase the fire resistance of 
the floor system, allow the integration of electrical and communications 
services into the floor, or provide a more level and smoother floor surface 
in preparation for subsequent finishes. In buildings such as hotels, hous- 
ing, and some parking structures, where these requirements may not exist, 
the use of untopped slabs may be an acceptable and economical system 
choice. 



SPECIAL SYSTEMS 

Both solid and hollow core slabs may be combined with other spanning 

elements to create several types of hybrid floor structures that are referred 
j 22 to spread systems. These systems can provide increased economy and 
may allow greater flexibility in the choice of building module. 

■ Either slab type may be used as a secondary element spanning trans- 
versely between longer spanning single tees, double tees, or channels. 

■ Hollow core slabs can be spread from 2 to 3 ft (0.6 to 0.9 m), with corru- 
gated steel decking spanning between the slabs. This system is usually 
topped. Where many floor penetrations are expected, this is an attrac- 
tive system due to the relative ease of creating openings through the 
steel decking. 






Depth of topping 



ooC>obooo<;>do 



Depth of slab 
Total depth- 



HOLLOW CORE SLABS WITH 
SITECAST TOPPING 



j 



- Sitecast topping 

Solid slabs span 
between the tees. 



-Single tees span 
the primary span. 



SPREAD TEE SYSTEM WITH 
SOLID SLABS 



-Sitecast topping 

-Steel decking spans 
between the slabs. 
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-Hollow core slabs span 
the primary span. 



HOLLOW CORE SLAB SPREAD SYSTEM 



FIRE-RESISTANCE RATINGS FOR SOLID 
FLAT SLABS AND HOLLOW CORE SLABS 

Precast concrete slabs can be used in both Combustible and 
Noncombustible Construction. Their fire resistance varies with the com- 
position of the concrete and the placement of reinforcing. Use the follow- 
ing guidelines for preliminary design: 

Solid slab floors must be at least 5.5 in. (140 mm) thick to have a fire 
resistance rating of 3 hours. For a 2-hour rating, the required thickness is 
4.5 in. (115 mm). A 1 ‘/ 2 -hour rating requires a minimum thickness of 4 in. 
(100 mm), and a 1-hour rating requires a thickness of 3.5 in. (90 mm). These 
thicknesses include the depth of any topping. 

Hollow core slabs at least 8 in. (200 mm) deep achieve a fire-resistance 
rating of 2 hours without a concrete topping. With the addition of a 2-in. (50- 
mm) topping, the rating rises to 3 hours. 




PRECAST CONCRETE SLABS 



PRECAST CONCRETE SOLID 
AND HOLLOW CORE SLABS 
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305 mm 






•q 229 mm 

m 



■B 

Cl, 

07 

Q 



6 " 

182 mm 



3" 
76 mm 




q 

TO 

I 



§ 

O 



o 



Topped slabs only 
Topped or un topped slabs 



10' 20' 30' 40' 

3.0 rn 6.1m 9.1m 12.2 m 

Span 




SOLID SLAB 

} 0 . 0 . 0 . 0 . 0 .{ 

HOLLOW CORE SLAB 

This chart is for precast concrete 
solid flat slabs and hollow core 
slabs. For light loads, read toward 
the right in the indicated areas. For 
heavy loads, read toward the left. 

■ The open areas indicated on the 
chart are for slabs with an added 
sitecast concrete topping only. The 
solid areas are for either topped 
or untopped slabs. The depths 
indicated on the chart are for the 
slabs alone, without any additional 
topping. Where a topping is used, 
add 2 in. (50 mm) to the indicated 
depths for preliminary design. See 
the facing page for further infor- 
mation on the use of concrete top- 
pings. 
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COMMON SIZES OF SOLID 
AND HOLLOW CORE SLABS 

Solid flat slabs come in depths of 314 to 8 in. (90 to 200 mm) . For depths 
of 6 in. (150 mm) and above, however, hollow core slabs are usually more 
economical. Typical widths are 8 to 12 ft (2.4 to 3.7 m). 

Hollow core slabs come in depths of 6 to 12 in. (150 to 300 mm). Typical 
widths are 2 ft, 3 ft 4 in., 4 ft, and 8 ft (0.6, 1.0, 1.2, and 2.4 m). Availability 
of sizes varies with suppliers. 






PRECAST CONCRETE SINGLE AND DOUBLE TEES 



Precast prestressed single and double tees can span farther than precast 
slabs and are commonly used in building types such as commercial struc- 
tures, schools, and parking garages. 



SPREAD TEE SYSTEMS 

Single and double tees may be combined with other spanning elements 
to create hybrid framing systems referred to as spread systems. In these 
systems, the tees are erected with spaces between them. These gaps are 
then bridged with precast solid or hollow core slabs, or with sitecast con- 
crete that is poured as part of the topping. These systems can increase the 
economy of long-span structures and may allow greater flexibility in the 
choice of building module. 






Sitecast topping and infill 



Single tees span 
the primary span. 



SPREAD TEE SYSTEM WITH SITECAST 
CONCRETE TOPPING AND INFILL 



FIRE-RESISTANCE RATINGS FOR 
SINGLE AND DOUBLE TEES 

Precast concrete single and double tees may be used in both Combustible 
and Noncombustible Construction. Their fire resistance varies with the 

composition of the concrete in the slabs and topping and with the place- 

134 reinforcing. Use the following guidelines for the preliminary 

design: 

For a fire-resistance rating of 3 hours, single and double tees require 
applied fire-protection materials or an appropriately fire-resistive ceiling. 
For ratings of 2 hours and less, protection may be achieved by regulating 
the thickness of the concrete topping: 3.5 in. (90 mm) for 2 hours, 3.0 in. (75 
mm) for 1!4 hours, and 2.0 in. (50 mm) for 1 hour. 




PRECAST CONCRETE SINGLE AND DOUBLE TEES 



PRECAST CONCRETE 
SINGLE AND DOUBLE TEES 




0 

10' 30' SO' 70' 90' 

3.0 m 9.1m 15.2 m 213 m 27.4 m 

Span 



COMMON SIZES OF PRECAST SINGLE 
AND DOUBLE TEES 

Double tees come in widths of 4, 8, 10, and 12 ft (1.2, 2.4, 3.0, and 3.7 m). 
Common depths are 10 to 40 in. (250 to 1000 mm). Single tees come in 
widths of 6, 8, 10, and 12 ft (1.8, 2.4, 3.0, and 3.7 m). Common depths are 16 
to 48 in. (400 to 1200 mm). Tees longer than 60 to 80 ft (18 to 24 m) may be 
less economical because of increased transportation and handling costs. 
Availability of sizes varies with suppliers. 




SINGLE TEE 



This chart is for precast concrete 
single and double tees. For light 
loads, read toward the right in the 
indicated areas. For heavy loads, 
read toward the left. 

■ Because they do not require tem- 
porary support against tipping, 
double tees are faster and more 
economical to erect than single 
tees. Their use is preferred wher- 
ever possible. 

■ Double tees are most commonly 
used with a concrete topping. For 
preliminary purposes, add 2 in. (50 
mm) to the depths indicated on the 
chart. Roof slabs and deep single 
tees may not need to be topped. 
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This chapter will help you evaluate the 
suitability of daylight illumination to your 
project and, if you choose to proceed with 
daylighting design, to select appropriate 
daylighting strategies. 
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Daylighting is the use of natu- 
ral light to illuminate the interior 
of a building. Daylight can pro- 
vide high-quality, color-balanced 
lighting. It can reduce a building’s 
energy consumption, contrib- 
ute to the conservation of natu- 
ral resources and the protection 
of the environment, improve the 
aesthetic quality of the workplace, 
provide a psychological connec- 
tion to nature and the outdoors, 
and increase business productivity. 
There are many factors that influ- 
ence the potential for daylighting 
design on a project. Location, cli- 
mate, building form, program, and 
the perceived value of daylight- 
ing by the building’s owners and 
its occupants can all play a role. 
When buildings are designed for 
daylight illumination, the architec- 
tural impact is significant. Massing, 
orientation, structural configura- 
tion, layout of interior elements and 
spaces, and choice of materials 
are all influenced by daylighting 
considerations. For these reasons. 



daylighting should be addressed at 
the earliest stages of design, when 
the opportunities for successfully 
incorporating effective strategies 
into a project are greatest. The 
information in the following pages 
will help you evaluate the potential 
of daylighting for your project, and, 
if you choose to pursue this option, 
provide preliminary design guide- 
lines for developing a building that 
effectively utilizes natural daylight 
for illumination. 

A quality luminous environment 
requires adequate levels of illumi- 
nation; it requires light that is well 
distributed to prevent excessive 
contrast, brightness, and glare; and 
it requires light that is reliably avail- 
able. Sources of daylight include 
both the sun and the surround- 
ing, clear or clouded, luminous sky. 
Direct sunlight is too intense to be 
allowed to fall directly on tasks or 
within the visual field. It must be 
diffused, reflected, or moderated 
in some way. Furthermore, direct 
sunlight is not necessarily the most 



reliable source of daylight. The 
sun’s position in the sky changes 
constantly, causing the quality of its 
light to vary with orientation, time 
of day, and season. At any time, 
the sun may be obscured by cloud 
cover, geographic features, or near- 
by man-made structures. For these 
reasons, the simplest way to incor- 
porate daylighting into most proj- 
ects is to rely on indirect sky light 
as the primary source of illumina- 
tion and, where sunlight is present, 
to ensure that it does not directly 
intrude into the task area. This is 
the daylighting approach empha- 
sized in the following pages. 

Designs utilizing direct sunlight 
as the primary source of illumina- 
tion are also feasible, particularly 
in areas with prevailing clear skies. 
The information provided here is 
relevant to such projects as well. 
However, the behavior of such sys- 
tems is more complex, and their 
design will require more sophisti- 
cated analysis and modeling tech- 
niques than provided here. 




SKY COVER 



map on this page indicates 
average clear and covered (cloudy) 
sky conditions within the continen- 
tal United States. Conditions are 
characterized as predominantly 
clear, moderate, or heavily cov- 
ered, corresponding to an aver- 
age annual sky cover of less than 
50%, from 50% to 70%, or greater 
than 70%, respectively. Only in 
areas indicated as predominantly 
clear — mainly the Southwest and 
parts of Florida — are clear skies 
prevalent on average more than 
half of all daylight hours. In the 
remaining areas — most of the con- 
tinental United States — covered or 
partially covered sky conditions 
predominate more than half of the 
time. Though not shown on this 



map, the heavily populated regions 
of Canada are within moderately or 
heavily covered areas as well. 

In predominantly clear areas, 
direct sun is most prevalent and 
levels of available daylight are 
consistently highest. Consequently, 
in using the sizing charts shown 
toward the end of this chapter for 
projects falling within predomi- 
nantly clear areas, you should read 
low in the recommended lighting 
level ranges because of the high- 
er available light levels. In areas 
characterized as having moderate 
sky cover, sky conditions are more 
variable. In using the sizing charts 
for projects falling within moder- 
ate sky cover areas, you should 
read near the middle of the recom- 



mended lighting level ranges. In 
heavily covered areas, cloudy skies 
predominate and average daylight 
availability is lowest. When using 
the sizing charts for these projects, 
you should read near the top of 
the recommended lighting level 
ranges. Because local sky condi- 
tions can vary from regional aver- 
ages, the information presented 
here should be supplemented with 
local data wherever possible. 

Regardless of sky cover condi- 
tions, control of direct sunlight is 
always an important consideration. 
To prevent unacceptable levels of 
glare and contrast, sunlight should 
always be prevented from falling 
directly within the visual field of 
task areas. 





SKY COVER CONDITIONS 
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THE PATH OF THE SUN 




sun moves over and around a 
building during the course of each 
day. Successful daylighting design 
requires that the building occupants 
receive acceptable levels of consis- 
tent, quality illumination throughout 
this cycle. The chart below provides 
information about the path of the 
sun for various latitudes and differ- 
ent times of the year, information 
that is important to understanding 
the impact of the sun on a building. 
To find the approximate latitude 
for a project located in the conti- 
nental United States, use the lati- 
tude indications on the Sky Cover 
Conditions map on the previous 
page. For other locations, consult 
comparable sources of information. 
As an example. Savannah, Georgia, 
lies approximately at 32° North 
latitude. At the summer solstice, 
June 2 1 , the sun rises at an azimuth 
of 115° (measured from the South 
axis), and at solar noon it reaches 
an altitude of 81° (measured from 
the horizon). The length of the day 
from sunrise to sunset is approxi- 
mately 14 hours. 

The path of the sun also var- 
ies over the course of the year, the 
magnitude of this variation increas- 
ing with greater distance from the 
equator. For example, at 24° North 
latitude, from summer solstice to 
winter solstice, the length of the 
day varies by 4 hours and the sun’s 
rising or setting position moves on 
the horizon 47°. In comparison, at 
52° North latitude, the length of the 
day varies by 8 hours, and the sun’s 
rising or setting position moves 
120°. In addition, at 24° North lati- 
tude, at the winter solstice, the sun 
rises to 42° above the horizon at 
noon. At 52° North latitude, it rises 
only 16° above the horizon at its 
highest point. 

Use the information in this table 
to chart the approximate path of the 
sun around your building. As you 
continue on the following pages, 
this information will help you to 
determine a favorable building 



orientation and opening configu- 
ration in order to maximize day- 
light access and limit exposure to 
unwanted direct sunlight. In partic- 
ular, pay special attention to times 
of the day and year when the sun 
is low in the sky. These times pres- 



24° North 

Summer Solstice 14 

Winter Solstice 1 0 

32° North 

Summer Solstice 14 

Winter Solstice 10 

40° North 

Summer Solstice 14 

Winter Solstice 9 

48° North 

Summer Solstice 15 

Winter Solstice 8 

52° North 

Summer Solstice 16 

Winter Solstice 8 



ent the most difficult problems for 
sunlight control. Attention to build- 
ing orientation, configuration of 
daylight openings, and the antici- 
pated hours of building occupancy 
should all be considered relative to 
these low-angle sun conditions. 
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SKY DOME OBSTRUCTION 




0 30 ft 60 ft 90 ft 120 ft 

9 m 18 m 27 m 37 m 

Minimum horizontal separation 



Uaylighting design requires 
a building to have line-of-sight 
access to sufficient sky area for ade- 
quate daylight exposure. The chart 
above can be used in two ways: 
first, to determine the extent to 
which surrounding structures may 
obstruct your building’s access to 
daylight, and second, to determine 
the extent to which your building 
obstructs surrounding structures’ 
access to daylight. 

For example, assume a project 
location at 40° North latitude, with 
clear sky conditions, a neighbor- 
ing building 24 ft (7 m) tall, and a 
planned height of 42 ft (13 m) for 



your building. To ensure that your 
building has full access to daylight, 
read the chart using the adjacent 
building’s height of 24 ft (7 m) 
to determine that there should be 
at least 37 ft (11 m) between the 
two structures. To ensure that the 
adjacent building’s daylight is not 
obstructed by your project, read 
the chart using your building’s 
height of 42 ft (13 m) to determine 
that there should be at least 65 ft 
(20 m) between the two structures. 
To protect access to daylight for 
both buildings, use the larger of 
the two answers, in this case, 65 ft 
(20 m). 




This chart is for determining day- 
light obstruction between build- 
ings. 

■ To ensure full access to day- 
light for your building, read the 
chart using the height of adjacent 
buildings or structures. Locate your 
building so that it is at least as far 
away from each of these structures 
as indicated on the chart. 

■ To ensure that your building does 
not obstruct access to daylight for 
adjacent structures, read the chart 
using the height of your building 
and locate your building at least as j ^0 

far away from the adjacent struc- 

tures as indicated. 

■ For buildings located in pre- 
dominantly covered sky areas at 
any latitude, read the chart along 
the sloped line for overcast skies. 

For buildings located in predomi- 
nantly clear sky areas, read the 
chart along the sloped line for the 
latitude of the project or interpolate 
between lines for other latitudes. 

For buildings located in moderate 
sky cover areas, read along the 
line for overcast skies to find the 
optimum building separation under 
worst-case conditions, or read 
along the appropriate line for clear 
skies to determine building separa- 
tion under more favorable clear sky 
conditions. (For more information 
on determining sky cover condi- 
tions and the latitude of a project, 
see page 141.) 



DESIGN CRITERIA FOR DAYLIGHTING SYSTEMS 





BUILDING SITING AND SHAPE 



Day lighting design is intimately related to building form. This section 
provides guidelines for the siting, massing, and internal configuration of a 
building to provide the greatest opportunities for successful daylighting. 



BUILDING SIZE 

Strategies for daylighting differ with building size. For small buildings, the 
ratio of exterior skin area to enclosed volume is relatively large. This means 
that for residences and small-scale nonresidential buildings, generally the 
designer has ample opportunities to locate occupied areas in close prox- 
imity to daylight sources such as windows and rooftop openings. In small 
buildings, the main challenge for the designer is to control the quality of 
the daylight, distributing it effectively and avoiding excessive contrast or 
brightness. On the other hand, in large buildings, the ratio of exterior enve- 
lope area to enclosed volume may be much less, and providing adequate 
levels of daylight to interior areas becomes a design challenge with great- 
er formal implications. In large buildings, both building shape and interior 
configuration become critical to a successful daylighting scheme. 



ORIENTATION 

Daylight openings should be oriented to allow the control of direct sunlight 
while providing access to sources of daylight that are consistent in quality 
and provide high levels of illumination. In the Northern Hemisphere, these 
conditions are best met in a south orientation, where for the largest part of 
1 44 fhe day, the sun remains high in the sky and the surrounding sky provides 
high levels of manageable daylight. A northern exposure is also favorable, 
providing consistent daylight, though at illumination levels lower than 
those from a southern exposure. The most difficult orientations for daylight 
openings are toward those portions of the sky in which the sun is low in its 
daily path, generally toward the east and west, though precise orientation 
varies with location and time of year. These exposures should be avoided 
or, if used, studied carefully, as the quality of the daylight is highly variable 
and the control of direct sunlight is problematic. Thus, buildings elongated 
in the east-west direction, and plan configurations that otherwise maximize 
exposure to the north and south sky while shielding exposure to the east 
and west, will generally provide the most favorable daylighting opportuni- 
ties. In some cases, strategically located adjacent structures may also play 
a role in shielding a building from unfavorable exposure to the sun when 
it is low in the sky. 




BUILDING ORIENTATION 




BUILDING SITING AND SHAPE 



BUILDING SHAPE 

In multistory buildings, daylight is mostly provided through windows in 
exterior walls. Daylighting such as this is termed sidelighting, and its effec- 
tiveness is limited by the depth to which it can penetrate horizontally into 
the building’s interior. For example, in a typical office building, daylighting 
can provide full illumination to task areas no farther than 12 to 15 ft (3.5 to 
4.5 m) from exterior wall openings and can provide partial illumination 
to areas no farther than 24 to 30 ft (7.5 to 9 m) from the exterior. Thus, to 
maximize effective daylighting in a commercial office building, work areas 
should be located, to the greatest extent possible, no more than 30 ft (9 m) 
from exterior walls with daylight access. Consider, for example, a double- 
loaded corridor plan. Total building depth in the north-south direction 
should not exceed approximately 70 ft (21 m), allowing 30 ft (9 m) for 
work areas on either side of a 10-ft (3-m)-wide central corridor. In general, 
narrow or elongated plans, L- or U-shaped plans, and courtyard or atrium 
buildings provide greater access to daylight than more compact arrange- 
ments. 

Where occupied areas occur directly below roofs, daylighting may also 
be provided through overhead skylights or other types of roof openings, 
devices collectively referred to as toplighting. Large single-story buildings, 
such as factories or warehouses, are well suited to toplighting configura- 
tions. Opportunities for toplighting can be increased with building sec- 
tions that step or are otherwise configured to create increased roof area. 
Considering sidelighting and toplighting together, daylighting design 
generally benefits from elongated or articulated building massing that 
increases the building perimeter and thereby increases opportunities for 
daylight access to the interior. 



BUILDING DESIGN DEVELOPMENT 

As a design progresses and the building configuration continues to devel- 
op, the impact of daylighting should be investigated in more detail and with 
more attention to local conditions. For example, a building not oriented on 
the cardinal points of the compass may interact with early morning and 
late afternoon sun in ways that require more detailed investigation. Local 
topography and weather patterns may affect access to daylight at various 
times of the day or year. Adjacent structures may reflect light or obscure 
the sky in ways that positively or negatively affect a project. Patterns of use 
within a building may also favor certain orientations or times of day. For 
example, an elementary school building in which classrooms are unoc- 
cupied after 3 P.M. may be more tolerant of a western exposure than a 
commercial office space habitually occupied until later in the day. As the 
project design develops, more detailed analysis, daylighting modeling, 
and the advice of daylighting experts should all be used. 
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BUILDING INTERIOR CONFIGURATION 



IN ot all activities within a build- 
ing necessarily benefit equally 
from daylighting, and an analysis 
of the lighting needs of the vari- 
ous components of the program 
can help guide decisions regard- 
ing where each component may 
be located. For example, vertical 
circulation, bathrooms, and stor- 
age gain little if any benefit from 
daylighting and can be located 
in portions of the floor plate that 
daylight cannot reach. Or such 
functions can be grouped on the 
east and west ends of a building, 
acting as shields against these 
problematic exposures. 

A critical factor in daylighting 
design is the treatment of ceil- 
ing height, especially close to the 
exterior. Considering the section 
diagram on this page, the exterior 
wall can be divided into three dis- 
tinct zones. The portion of the wall 
below 30 in. (760 mm), roughly 
the level of a typical work surface, 

makes no significant contribution 

to daylighting. Openings in the 
middle portion of the wall, up to 
approximately 7 ft (2.1 m), provide 
daylighting in areas closest to the 
opening and offer exterior views. 
To maximize the effectiveness of 
daylight illumination deeper in 
the space, the window opening 
must extend above 7 ft (2.1 m), 
necessitating a ceiling as high 
as possible and the avoidance of 
spandrel beams or other elements 
close to the perimeter that can 
obscure this portion of the wall 
opening. This criterion places sig- 
nificant constraints on the plan- 
ning of structural and mechani- 
cal building systems, such as the 
location of deep beams or HVAC 
ductwork, and must be considered 
in the earliest stages of design 
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SHIELDING EAST AND WEST 
EXPOSURES 




DAYLIGHT ZONES AND THE WINDOW WALL (Thanks to Joel Loveland, 
University of Washington Department of Architecture and Seattle Lighting 
Design Lab for the concept of this diagram.) 



if it is to be achieved. (For more 
detailed information about win- 
dow opening height and daylight 
horizontal penetration, see pages 
151-153.) 

For a task area to benefit sig- 
nificantly from daylight illumina- 
tion, a source of daylight, such as 
a window, skylight, or surface off 
which daylight is reflected, must 
be directly in the line of sight with 



that task area. Partitions, struc- 
tural elements, mechanical and 
electrical system components, fur- 
nishings, and other elements that 
extend above the lower third of the 
space should be arranged to mini- 
mize their potential to obstruct 
daylight sources. See page 152 for 
more information about configur- 
ing interior elements for optimal 
daylighting. 




DAYLIGHTING AND ENERGY CONSERVATION 



SMALL BUILDINGS 

Small building energy consump- 
tion tends to be driven primarily by 
heating and cooling loads associat- 
ed with thermal exchange through 
the building’s exterior skin. Thus, 
in cold climates, energy consump- 
tion is dominated by the need to 
replace heat lost through the walls 
and roof during the cold months. In 
warmer regions, energy consump- 
tion may be driven by the removal 
of heat gained through the exterior 
envelope during the warm months. 
Daylighting design can contribute 
to the reduction of energy con- 
sumption in both of these circum- 
stances. 

In cold climates, south-facing 
sidelighting can provide daylight 
illumination as well as solar heat 
gain for energy savings. Where 
direct sun is admitted into the 
structure as a source of heat, inter- 
nal shading, diffusing, or reflecting 
devices should be used to protect 
visual task areas from excessive 
brightness or contrast. To control 
heat gain during warmer months, 
external overhangs or other shad- 
ing devices can be used to exclude 
direct sun from the interior during 
these periods. For more informa- 
tion on solar heating strategies for 
small and medium-sized buildings, 
see pages 222-224. 

Daylight illumination can also 
contribute to reduced cooling 
loads in warm climates. Indirect 
light from the north sky or from 
well-shaded southern exposures is 



an excellent source of illumina- 
tion with low heat content. Direct 
sunlight can be reflected off exte- 
rior surfaces before it is admitted 
into a structure, thereby leaving a 
significant portion of its heat con- 
tent outside the building. And, as 
explained in more detail in the 
next section, even direct sunlight 
can be an energy-efficient source 
of illumination when it is properly 
controlled and efficiently distrib- 
uted within the interior. 



LARGE BUILDINGS 

In larger buildings, energy con- 
sumption is increasingly dominat- 
ed by internally generated heat 
loads, rather than by heat exchange 
through the building skin. The 
removal of heat generated by occu- 
pants, lighting, and equipment is 
often the most significant factor in 
the overall energy performance of 
a large commercial building. 

In conditions such as these, 
daylighting can contribute signifi- 
cantly to energy savings. Natural 
daylight illumination is free. 
Wherever daylighting can replace 



an electric light source, electric 
energy consumption is reduced 
directly. In addition, because well- 
designed daylight illumination 
generates less heat than common 
sources of artificial illumination, 
daylighting can lessen a building’s 
internal heat load, further reducing 
energy consumption. The follow- ^ 
ing chart tabulates the efficacy of S 
daylight and several forms of elec- ^ 
trie lighting — that is, the amount of « 
useful light in relation to the heat g 
produced (measured in lumens per S 
watt). The higher the efficacy, the o 
more energy efficient is the light ^ 
source. Note that daylighting com- p 
pares favorably to common types g 
of indoor electric lighting. 

For daylight to achieve its § 
potential for high efficacy, it must “ 

l-l 

be well utilized within the building, g 
Direct sunlight that causes exces- g 

t!) 

sive heat gam, or dayhghtmg that m 
in other ways creates an unsatisfac- p 
tory visual environment, will not 
reduce the use of electric light or 
save energy. However, when well 
designed and implemented, natu- 
ral daylighting offers significant 
opportunities for savings in large 
building energy consumption. 



Light Source Efficacy, Measured in Lumens/Watt 
(Higher values indicate higher efficiency) 


Natural daylighting 


90-150 Im/W 


Incandescent lighting 


10-25 Im/W 


Light-emitting diode lighting 


30-100 Im/W 


Fluorescent lighting 


55-110 Im/W 


Metal halide lighting 


65-115 Im/W 
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CONFIGURING 

AND 

SIZING 

DAYLIGHTING 

SYSTEMS 



This chapter will help you lay out the 
components of a daylighting system and 
estimate the size of daylight openings to 
provide the required levels of interior 
illumination for a project. 
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RECOMMENDED ILLUMINANCE LEVELS 



Uifferent tasks require different 
levels of illumination. The nature of 
a task, the need for accuracy and 
efficiency, and the visual acuity of 
the occupants are all contributing 
factors. For example, navigating 
the lobby of a commercial office 
building requires minimal atten- 
tion to detail and is not a task 
with unusual demands for speed 
or accuracy. Consequently, rela- 
tively low ambient lighting levels 
are acceptable. On the other hand, 
an accountant, much of whose day 
is spent reading and transcribing 
densely formatted, low-contrast 
financial statements and ledgers, 
and whose efficiency and accuracy 
of work are critical, requires sig- 
nificantly higher levels of task illu- 
mination. Follow the steps below to 
determine recommended lighting 
levels for a project and to estimate 
the size and quantity of daylight 
sources for your building. 

__ Step 1 : Choose a Lighting Level 
150 Category 

From the chart on this page, make a 

preliminary choice of lighting level 
by selecting the category that most 
closely matches the activity that 
takes place in the given space. 

Step 2: Adjust Your Choice 

Each lighting level category repre- 
sents a range of illumination levels 
suitable for the tasks described. On 
the charts on the following pages, 
each category is shown as a band 
representing the range of values. 
When reading from charts, you may 
read higher or lower in the appro- 
priate band, depending on the fol- 
lowing factors: 

Higher light levels are recom- 
mended in areas with occupants 
primarily of age 55 years or older, 
in areas with predominantly dark, 
nonreflective surroundings or task 



General Space Illumination 


Category A — Public spaces, dark spaces 


Nighttime corridors and lobbies, 
waiting rooms, bedrooms 


Category B — Simple orientation 


Dance halls, dining halls, transporta- 
tion terminal concourses, residen- 
tial living spaces 


Category C — Occasional visual tasks 


Daytime corridors and lobbies, 
reception areas, auditoriums, 
banks, worship spaces 


Task Illumination 




Category D — Visual tasks of 
high contrast or large size 


Conference rooms, office work with 
high-contrast tasks, factory simple 
assembly, residential kitchens 


Category E — Visual tasks of medium 
contrast or small size 


Drafting of high-contrast work, 
classrooms, offices, clerical tasks, 
factory work of low contrast 
or moderately difficult assembly 


Category F — Visual tasks of low contrast 
or very small size 


Drafting of low-contrast work, 
laboratories, factory work with 
difficult assembly 



backgrounds, and in areas where 
tasks are carried out that require 
an unusually high degree of speed 
and accuracy. If two or more of 
these factors apply, read high in 
the lighting level category bands 
in the following charts. Conversely, 
lower light levels are recommend- 
ed in areas with occupants primar- 
ily under the age of 40, in areas 
with light-colored, highly reflective 
surroundings or task backgrounds, 
and in areas where tasks are car- 
ried out that do not demand unusu- 
al speed or accuracy. If two or more 
of these factors apply, read low in 
the lighting level category bands in 
the following charts. 



AMBIENT SPACE AND 
TASK ILLUMINATION 

The table above lists recommend- 
ed lighting levels for both general 
space illumination and task illumi- 



nation, with task illumination requir- 
ing higher light levels because of 
the greater visual demands asso- 
ciated with these activities. For 
projects for which full reliance on 
daylighting is not achievable or 
desired, a strategy that may be 
considered is to provide ambient 
space illumination with daylight- 
ing and supplement this with elec- 
tric lighting for task illumination. 
Thus, for example, where a typical 
office space may require Category 
E task illumination levels at the 
worker’s desk. Category C illumi- 
nation levels should be adequate 
for movement around these areas. 
In this case, daylighting design can 
be based on Category C illumina- 
tion levels and task lighting at the 
desk can be provided from electric 
sources. 




SIDELIGHTING 



With the exception of large sin- 
gle-story structures, sidelighting 
through windows and clerestories is 
the predominant means of providing 
daylight illumination in buildings. 

The intensity of sidelighting 
is highest near the opening and 
diminishes with increasing dis- 
tance from the opening. The depth 
to which sidelighting can provide 
illumination within a building is 
largely dependent on the height 
of the opening. Under typical con- 
ditions, sidelighting can provide 
effective illumination for depths 
up to approximately 2Vz times 
the height of the opening above 
the plane of the work surface. 
For example, in an office with 9-ft 
(2.7-m)-high windows and 30-in. 
(760-mm)-high desks, the top of the 
window is QVz ft (2.0 m) above the 
work plane, and daylight should be 
able to provide full illumination up 
to a depth of approximately 1 6 ft (5 
m) (6.5 ft X 2.5 = 16.25 ft). For more 
detailed information on the depth 
of sidelighting penetration for vari- 
ous illumination levels and opening 
heights, see page 153. 

In designing with sidelight- 
ing, attention must be given to 
maximizing its reach deep into the 



structure, as well as minimizing 
excessive brightness close to the 
wall openings. A variety of tech- 
niques are possible. Light shelves 
create more evenly distributed 
illumination levels throughout a 
space. Though light shelves may 
reflect some light deeper into 
the interior, their primary ben- 
efit comes from reducing bright- 
ness levels close to the window. 
By reducing the highest illumina- 
tion levels, more uniform light- 
ing is achieved overall, giving the 
impression of an improved light- 
ing environment. Light shelves 
can also prevent direct sunlight 
from falling directly within the 
work area. 

Exterior overhangs may be solid 
or louvered. Extending a solid over- 
hang beyond the building wall is 
essentially the same as increasing 
the depth of the room, and illumina- 
tion is reduced comparably. If light 
levels are adequate, this can be an 
effective way to block direct sun as 
well as reduce excessive bright- 
ness close to the window. Louvered 
overhangs, if designed with atten- 
tion to prevailing sun angles, can 
block direct sunlight selectively 
while admitting indirect light. 




REDUCED WINDOW HEAD 
HEIGHT 




EXTERIOR OVERHANG 



DESIGN CRITERIA FOR DAYLIGHTING SYSTEMS 





SIDELIGHTING 



Reflective sills can increase the 
depth to which light penetrates 
within the space. However, care 
must be taken to avoid creating 
excessive glare for occupants close 
to the opening. 

Secondary sources of daylight 
that are located at some distance 
from a primary wall opening, such 
as rear windows or skylights, can 
be used to increase light levels 
deep within a space, thereby creat- 
ing more uniform lighting, as well 
as reducing strong shadowing and 
contrast. 

Obstructions to daylight with- 
in the space should be avoided. 
Wherever possible, elements that 
can block daylight, particularly 
those high up in the space, should 
be located as far from wall open- 
ings as possible. Where a plan 
includes both open plan areas and 
enclosed space, the open plan areas 
should be placed closest to the wall 
openings and the enclosed spaces 
1 52 located so as to minimize 

the obstruction of daylight. Where 

enclosed spaces must be located 
close to wall openings, consider 
transparent or translucent enclos- 
ing materials to allow daylight 
to penetrate beyond these areas. 
Opaque elements, such as parti- 
tions or ceiling beams, can assist in 
daylight distribution when orient- 
ed perpendicular to wall openings. 
Particularly when such elements 
are light-colored and located close 
to such openings, they can both 
reflect daylight more deeply into 
the space and reduce contrast lev- 
els close to the opening. 



SIZING 

SIDELIGHTING 

Use the charts on the opposite page 
to estimate the required size of 
wall openings for natural daylight- 
ing. Both charts assume that win- 
dow bottoms are no higher than 
30 in. (760 mm) above the floor, 
window glazing is clear, and walls 
and ceilings are white or light- 
colored. If these conditions are not 
met, day lighting effectiveness will 
be reduced. 

For example, reading the top 
chart, a window extending 9 ft 
(2.7 m) above the floor will provide 
full daylighting for normal office 
tasks up to a horizontal distance of 
approximately 16 ft (4.9 m) from the 
window. Daylighting supplemented 
with electric lighting can be pro- 
vided up to 29 ft (8.8 m) away. 

As a second example, read- 
ing the bottom chart, a 6000-sq-ft 
(560-m^) business office area is to 
be illuminated with daylight from 
adjacent windows. Using the table 
on page 150, we select Category 
E, visual tasks of medium contrast 
and size, as the appropriate light- 
ing level. Reading the chart, we 
determine that 6000 sq ft (560 m^) 
of floor area requires between 1000 
and 2000 sq ft (93 and 186 m^) of 
window area for full daylighting. 
Or, if electric task lighting is to be 
provided, general area illumination 
meeting Category C criteria can be 
provided with windows 200 to 400 
sq ft (19 to 37 m^) in area. (This sce- 
nario is not illustrated on the chart.) 





SECONDARY DAYLIGHT 
SOURCE 




DAYLIGHT OBSTRUCTIONS 





Window height above floor 




3.0 m 4.6 m 6.1m 7.6 m 9.1m 

Horizontal distance to windows 





Use the top chart to determine the 
minimum wall opening height for 
adequate horizontal daylight pen- 
etration for normal office tasks. 

■ To ensure even light distribution 
throughout a space, window open- 
ings should be at least half as wide 
as the length of the wall in which 
they are located. For more detailed 
help in estimating the required win- 
dow area, see the chart below. 

Use the bottom chart to determine 
the total wall opening area neces- 
sary for full daylighting of various 
tasks occupying a given floor area. 

To determine the most appropriate 
illumination category for the space 1 53 
under consideration, see page 150. 

For floor areas larger than those 
tabulated on the chart, read the 
chart using a smaller area and then 
multiply the result proportionally. 

■ For buildings in predominantly 
clear sky areas, read low in the 
ranges indicated on the chart. For 
buildings in heavily covered sky 
areas, read high in the indicated 
ranges. See page 141 to determine 
the sky cover conditions for your 
project’s location. 



DESIGN CRITERIA FOR DAYLIGHTING SYSTEMS 







TOPLIGHTING 



Toplighting is most effectively 
employed in large single-story 
structures. It may also find appro- 
priate use in the topmost floors of 
multistory buildings. 

Toplighting can be provided 
either by skylights, with horizontal 
or low-sloped glazing, or by roof 
monitors, with vertical or steeply 
sloped glazing. Because of varia- 
tion in the brightness of the sky 
from horizon to directly overhead, 
illumination levels from skylights 
are roughly three times greater 
than those associated with side- 



lit windows of the same open- 
ing area. Illumination is highest 
directly below a skylight open- 
ing and diminishes with increas- 
ing horizontal distance. With roof 
monitors, which admit daylight 
from the side, highest illumination 
levels tend to be offset to the side 



opposite the monitor glazing. The 
intensity of illumination from roof 
monitors varies with their orienta- 



tion. In the Northern Hemisphere, 

south-facing monitors provide 

illumination levels approximately 
equal to those of skylights of the 
same glazing area. Monitors facing 
other directions provide approxi- 
mately one-half the illumination of 
a skylight of the same area. 

Spaced toplighting with multi- 
ple sources can minimize extremes 
in illumination levels. Sources of 



toplighting should be spaced no 
more than one to two times the 



height of the openings above the 
floor in order to provide accept- 
ably uniform levels of illumination 
within the space. 

In predominantly overcast 
areas, toplighting with clear glaz- 
ing and no other means of sunlight 
control may be acceptable. In most 
areas, toplighting should be ori- 
ented away from the sun, or control 
devices should be used to prevent 
sunlight from passing unimpeded 
to the task area. Interior reflec- 



tors, exterior louvers, translucent 
light-diffusing materials, and deep 



openings with reflective sides 
can all be effective in this regard. 
When these devices are placed 
on the interior, they may also be 
helpful in distributing daylight far- 
ther from the opening and creating 
more even illumination within the 
space. Devices located exterior to 
the opening can exclude solar heat 
from the interior and may be help- 
ful in areas where high heat gain is 
particularly a concern. 

Combined sidelighting and top- 
lighting can be used to distribute 
daylighting deeper into the interior 
than is possible with sidelighting 
alone. To avoid excessive variation 
in illumination levels, spacing of 
daylight sources should not exceed 
the recommendations in the adja- 
cent diagram. 
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INTERIOR REFLECTORS 



1 . SH^ or less 2Hf or less 
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COMBINED SIDELIGHTING AND 
TOPLIGHTING 



SIZING TOPLIGHTING 

Use the charts on the facing page to 
estimate the required area of roof 
openings for natural daylighting. 

For example, reading the top 
chart, with a floor-to-ceiling height 
of 15 ft (4.5 m), small skylights 
should be spaced horizontally no 
more than 15 ft (4.5 m) center- 
to-center, roof monitors should 
be spaced no more than 22 ft (7 
m), and large skylights should be 
spaced no more than 30 ft (9 m). 

As a second example, reading 
the bottom chart, a 1000-sq-ft (93- 
m^) hotel lobby area is to be illumi- 
nated with north-facing roof moni- 
tors. Using the table on page 150, 
we select Category C, simple ori- 
entation, as the appropriate light- 
ing level. Reading the chart, we 
determine that 1000 sq ft (93 m^) of 
floor area requires between 10 and 
20 sq ft (0.9 and 1.9 m^) of skylight 
area for full daylighting. Doubling 
the result for a north-facing moni- 
tor, our final answer is 20 to 40 sq ft 
(1.9 to 3.7 m^) of glass area. 



SPACED TOPLIGHTING 









TOPLIGHTING 




Maximum horizontal spacing 




iiiiiiiii iiiiiiiii 




Use the top chart to determine 
maximum horizontal spacing for 
skylights and roof monitors so as to 
maintain acceptably even lighting 
levels throughout a space. 

Use the bottom chart to deter- 
mine the skylight or roof monitor 
opening area necessary for day- 
lighting various tasks over a given 
floor area. To determine the most 
appropriate illumination category 
for the space under consideration, 
see the table on page 150. For floor 
areas larger than those tabulated 
on the chart, read the chart using a 
smaller area and then multiply the 
result proportionally. 

■ For skylights and south-facing 
roof monitors, read directly from 
the chart. For roof monitors fac- 
ing other than south, use twice the 
indicated area. 

■ For buildings in predominantly 
clear sky areas, read low in the 
ranges indicated on the chart. For 
buildings in heavily covered sky 
areas, read high in the indicated 
ranges. See page 141 to determine 
sky cover conditions for the proj- 
ect’s location. 
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SELECTING 

HEATING 

AND 

COOLING 

SYSTEMS 

FOR 

LARGE 

BUILDINGS 



This chapter will help you select a heating 
and cooling system for the preliminary 
design of a large building. 
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DESIGN CRITERIA FOR THE SELECTION OF HEATING 
AND COOLING SYSTEMS FOR LARGE BUILDINGS 



If you wish to minimize the first cost Choose the simplest possible all-air system: 

of the heating and cooling system: Single duct, constant air volume (pages 170-171) 

or choose a system that involves no ductwork or piping: 

Through-the-wall and packaged terminal units (page 178) 



If you wish to minimize operating Choose systems that convert fuel to heating and cooling energy with maxi- 
cost and energy consumption: mum efficiency: 

Variable air volume (pages 168-169) 

Single duct, constant air volume (pages 170-171) 

Hydro nic convectors (pages 176-177) 
or choose a system that uses ambient heat from the surrounding environ- 
ment: 

Closed-loop heat pump system (page 175) 
or in medium-sized or smaller buildings, consider a passive system: 

Passive solar heating (pages 222-224) 

Natural ventilation cooling (pages 225-227) 

Thermal mass cooling (pages 228-230) 

Evaporative cooling (pages 231-232) 



If you wish to maximize control of air 
quality and air velocity: 
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If you wish to maximize individual 
control over temperature in a num- 
ber of rooms or zones: 



Choose one of the all-air heating systems: 

Variable air volume (VAV) (pages 168-169) 

VAV reheat (page 169) 

VAV induction (page 1 69) 

Dual-duct VAV (page 169) 

Single duct, constant air volume (CAV) (pages 170-171) 
CAV reheat (page 171) 

Multizone (page 171) 



Choose a system that can react separately to a number of thermostats: 

Variable air volume (VAV) (pages 168-169) 

VAV reheat (page 169) 

VAV induction (page 1 69) 

Dual-duct VAV (page 169) 

Constant air volume reheat (page 171) 

Multizone (page 171) 

Air-water induction (pages 172-173) 

Fan-coil terminals (page 174) 

Through-the-wall and packaged terminal units (page 178) 



If you wish to minimize system noise: Choose a system that operates at low air velocities and whose moving 

parts are distant from the occupied spaces, such as: 

Any all-air system other than an induction system (pages 168-171) 
Hydro nic convectors (pages 176-177) 

or in medium-sized or smaller buildings, consider a passive system: 
Passive solar heating (pages 222-224) 

Natural ventilation cooling (pages 225-227) 

Thermal mass cooling (pages 228-230) 

Evaporative cooling (pages 231-232) 







DESIGN CRITERIA FOR THE SELECTION OF HEATING 
AND COOLING SYSTEMS FOR LARGE BUILDINGS 



If you wish to minimize the visual 
obtrusiveness of the heating and 
cooling system: 


Choose a system that has minimal hardware in the occupied spaces of the 
building, such as: 

Any all-air system (pages 168-171) 
or in medium-sized or smaller buildings, consider a passive system: 
Passive solar heating (pages 222-224) 

Natural ventilation cooling (pages 225-227) 

Thermal mass cooling (pages 228-230) 

Evaporative cooling (pages 231-232) 


If you wish to maximize the flexibil- 
ity of rental space and the adapt- 
ability of the heating and cooling 
system to space reconfiguration 
over time: 


Choose a central air system that has minimal hardware in the occupied 
spaces of the building and that can provide local or zoned control over 
temperature, such as: 

Variable air volume (VAV) (pages 168-169) 

VAV reheat (page 169) 

Multizone (page 171) 

or choose an all-water system that allows easy temperature control of indi- 
vidual spaces: 

Fan-coil terminals (page 174) 

Through-the-wall and packaged terminal units (page 178) 


If you wish to minimize the floor 
space used for the mechanical sys- 
tem or the floor-to-floor height of 
the building: 


Choose a local system that has no ductwork or piping, such as: 
Through-the-wall and packaged terminal units (page 178) 
or a system that minimizes the size of the ductwork or piping, such as: 

Induction systems (pages 169, 172-173) 

Hydronic convectors (pages 176-177) 

or in medium-sized or smaller buildings, consider a passive system: 
Passive solar heating (pages 222-224) 

Natural ventilation cooling (pages 225-227) 

Thermal mass cooling (pages 228-230) 

Evaporative cooling (pages 231-232) 


If you wish to minimize mainte- 
nance requirements of the heating 
and cooling system: 


Choose systems that are very simple and have few moving parts in the 
occupied spaces of the building: 

Variable air volume (pages 168-169) 

Single duct, constant air volume (pages 170-171) 

Hydronic convectors (pages 176-177) 
or in medium-sized or smaller buildings, consider a passive system: 

Passive solar heating (pages 222-224) 

Natural ventilation cooling (pages 225-227) 

Thermal mass cooling (pages 228-230) 

Evaporative cooling (pages 231-232) 


If you wish to avoid having a chim- 
ney in the building: 


Choose systems that are electrically powered: 

ibiy system that can use an electrically powered boiler (pages 168-177) 
Through-the-wall and packaged terminal units (page 178) 

or in medium-sized or smaller buildings, consider a passive system: 
Passive solar heating (pages 222-224) 


If you wish to maximize the speed of 
construction: 


Choose systems that can be installed by a single trade, such as: 
Through-the-wall and packaged terminal units (page 178) 
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HEATING AND COOLING SYSTEMS FOR LARGE BUILDINGS: 
SUMMARY CHART 



GIVE SPECIAL 
CONSIDERATION TO THE 
SYSTEMS INDICATED IF 
YOU WISH TO: 


Variable 
Air Volume 
(VAV) 

(page 168) 


VAV Reheat 
(page 169) 


VAV 

Induction 
(page 169) 


Dual-Duct 

VAV 

(page 169) 


Single Duct 
Constant 
Air Volume 
(CAV) 

(page 170) 


CAV Reheat 
(page 171) 


Multi-zone 
(page 171) 


Minimize first cost 










• 






Minimize operating cost and 
energy consumption 


• 








• 






Maximize control of air 
velocity and air quality 


• 


• 


O 


O 


• 


O 


O 


Maximize individual control 
over temperature 


• 


• 


O 


O 




o 


O 


Minimize system noise 


• 


• 




o 




o 


o 


Minimize visual obtrusive- 
ness 


• 


• 


o 


o 




o 


o 


Maximize flexibility of rental 
space 


• 


• 










o 


Minimize floor space used 
for the heating and cooling 
systems 






o 










Minimize floor-to-floor 
height 






o 










Minimize system mainte- 
nance 


• 








• 






Avoid having a chimney 






o" 


o" 




o" 


o" 


Maximize the speed of 
construction 

















©Frequently used 
O Less frequently used 
® With electric boiler 










HEATING AND COOLING SYSTEMS FOR LARGE BUILDINGS: 
SUMMARY CHART 



PASSIVE SYSTEMS 



Air-Water Fan-Coil 

Induction Terminals 

(page 172) (page 174) 



Closed-Loop 
Heat Pumps 
(page 175) 



Hydronic 

Convectors 

(heating 

only) 

(page 176) 



Packaged 

Terminal 

Units or 

Through- 

the-Wall 

Units 

(page 178) 



Passive 
Solar 
Heating 
(page 222) 



Natural 
Ventilation 
Cooling 
(page 225) 



Thermal 
Mass 
Cooling 
(page 228) 













SELECTING HEATING AND COOLING SYSTEMS 
FOR LARGE BUILDINGS 





SOME TYPICAL CHOICES OF HEATING AND COOLING SYSTEMS 
FOR LARGE BUILDINGS 



OCCUPJLNCY 


Variable 
Air Volume 
(VAV) 

(page 168) 


VAV Reheat 
(page 169) 


VAV 

Induction 
(page 169) 


Dual-Duct 

VAV 

(page 169) 


Single-Duct 
Constant 
Air Volume 
(CAV) 

(page 170) 


CAV Reheat 
(page 171) 


Multi-zone 
(page 171) 


Apartments 
















Arenas, Exhibition Halls 
















Auditoriums, Theaters 
















Factories 




• 












Hospitals 


• 


• 




• 




• 


• 


Hotels, Motels, 
Dormitories 


• 














Laboratories 


• 


• 




• 


• 


• 




Libraries 


• 












• 


Nursing Homes 


• 














Offices 






• 










Places of Worship 


• 








• 




• 


Schools 




• 












Shopping Centers 
















Stores 

















• Frequently used 
O Less frequently used 

® Sometimes installed as packaged systems 





SOME TYPICAL CHOICES OF HEATING AND COOLING SYSTEMS 
FOR LARGE BUILDINGS 





PASSIVE SYSTEMS 


Air-Water 
Induction 
(page 172) 


Fan-Coil 
Terminals 
(page 174) 


Closed-Loop 
Heat Pumps 
(page 175) 


Hydronic 

Convectors 

(heating 

only) 

(page 176) 


Packaged 

Terminal 

Units or 

Through- 

the-Wall 

Units 

(page 178) 


Passive 
Solar 
Heating 
(page 222) 


Natural 
Ventilation 
Cooling 
(page 225) 


Thermal 
Mass 
Cooling 
(page 228) 


Evaporative 
Cooling 
(page 231) 




• 


• 


• 


• 


O 


O 


O 


O 




• 


































O 


• 




• 












O 


• 
















o 


• 


• 




• 




O 


O 


O 






























O 


o 


o 


o 




• 






• 










o 






• 




o 


o 


o 


o 








• 




o 


o 


o 






• 








o 


o 


o 


o 
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GENERAL CONSIDERATIONS: LARGE BUILDINGS 



ZONING A BUILDING FOR 
HEATING AND COOLING 

Before attempting to select a heat- 
ing and cooling system, rough out 
a zoning scheme for the building, 
establishing zones that differ from 
one another in their thermal con- 
ditioning requirements and will be 
controlled separately. Sometimes 
a zone should be no larger than 
a single room (a classroom, a 
hotel room). Sometimes a num- 
ber of spaces with similar thermal 
requirements can be grouped into 
a larger zone (a group of offices 
that are occupied during the day 
but not at night; a group of gal- 
leries in a museum). Sometimes 
rooms must be put in separate 
zones because they have differ- 
ing requirements for air quality 
or temperature (locker rooms in a 
gymnasium complex, cast dressing 
rooms in a theater). Sometimes dif- 
ferent zones must be established 
to deal effectively with different 
rates of internal generation of heat 
(a kitchen in a restaurant or dining 
hall, a computer room in a school, a 
166 metal casting area in an industrial 
building). 

Buildings in which solar heat 
gain through windows is a major 
component of the cooling load 
need to be zoned according to 
the various window orientations of 
the rooms. In commercial buildings 
where each tenant will be billed 
separately for heating and cool- 
ing costs, each tenant space will 
constitute a separate zone. A large 
business or mercantile building 
might be divided into several large 
zones of approximately equal size 
to fit the capacities of the fans and 
ductwork or the capacities of pack- 
aged air conditioning systems. A 
multiuse building may incorporate 
parking, retail shops, lobbies, offic- 
es, and apartments, each requir- 



ing a different type of heating and 
cooling system. 

The zoning of a building is 
significant in the early stages of 
design because it may suggest a 
choice of heating and cooling sys- 
tem: Room-by-room zoning sug- 
gests an all-water fan-coil system 
or packaged terminal units for an 
apartment building, for example, 
meaning that the building does 
not have to be designed to accom- 
modate major ductwork. Zoning 
may also have an impact on where 
the major equipment spaces are 
placed. It often makes sense to put 
major equipment on the “seam” 
between two zones. An example 
of this might be placing the major 
heating and cooling equipment on 
the second or third floor of a mul- 
tiuse downtown building, above 
retail and lobby spaces and below 
multiple floors of office space. 



CENTRAL SYSTEMS 
VERSUS LOCAL SYSTEMS 

In a central system, heat is supplied 
to a building or extracted from it by 
large equipment situated in one or 
several large mechanical spaces. 
Air or water is heated or cooled 
in these spaces and distributed to 
the inhabited areas of the building 
by ductwork or piping to maintain 
comfortable temperatures. 

In a local system, independent, 
self-contained pieces of heating 
and cooling equipment are situ- 
ated throughout the building, one 
or more in each room. 

Central systems are generally 
quieter and more energy efficient 
than local systems and offer better 
control of indoor air quality. Central 
equipment tends to last longer than 
local equipment and is more con- 
venient to service. Local systems 
occupy less space in a building 
than central systems because they 



do not require dedicated mechani- 
cal spaces and extensive ductwork 
or piping. They are often more eco- 
nomical to buy and install. They can 
be advantageous in buildings that 
have many small spaces requiring 
individual temperature control. 

On pages 168-177, alterna- 
tive choices of central heating and 
cooling systems for large buildings 
are described. Local systems are 
described on page 178. 



FUELS 

Heating and cooling equipment in 
large buildings may be powered 
by oil, gas, electricity, steam, or 
hot water. In central areas of many 
large cities, utility-generated pipe- 
line steam is available. In some 
large building complexes, such as 
university campuses, steam or hot 
water is furnished to each struc- 
ture, along with chilled water for 
cooling, via underground pipelines 
from a single central boiler/chiller 
plant. Steam and hot water, where 
available, are ideal energy sources 
for heating and cooling, because no 
chimney is needed and the neces- 
sary heat exchange equipment for 
steam or hot water is more compact 
than the fuel-burning boilers that 
would otherwise be required. 

Electricity can also be an attrac- 
tive energy source, because it is 
clean, it is distributed through com- 
pact lines, and electrical equip- 
ment tends to be quieter and small- 
er than fuel-burning equipment. 
However, when the efficiencies of 
remote electrical power generation 
and distribution are considered, 
electricity converted directly into 
heat is less efficient in comparison 
to systems that rely on the burn- 
ing of oil or gas on site. In most 
areas, such electric heating is also 
more costly. Gas burns cleanly and 
requires no on-site storage of fuel. 




GENERAL CONSIDERATIONS: LARGE BUILDINGS 



In areas where it is more economi- 
cal than gas, fuel oil is favored 
despite its need for on-site storage 
tanks. 



MEANS OF 
DISTRIBUTION 

The distribution of heating and 
cooling energy in central systems 
involves the circulation of air, water, 
or both to the inhabited spaces. 

■ In all-air systems, central fans cir- 
culate conditioned air to and from 
the spaces through long runs of 
ductwork. 

■ In air and water systems, air is 
ducted to each space. Heated water 
and chilled water are also piped to 
each space, where they are used 
to modify the temperature of the 
circulated air at each outlet to meet 
local demands. Air and water sys- 
tems circulate less air than all-air 
systems, which makes them some- 
what more compact and easier to 
house in a building. 

■ In all-water systems, air is cir- 
culated locally rather than from 
a central source, so ductwork is 
eliminated. Only heated water and 



chilled water are furnished to each 
space. The water piping is much 
smaller than equivalent ductwork, 
making all-water systems the most 
compact of all. 

All-air systems offer excellent 
control of interior air quality. The 
central air-handling equipment can 
be designed for precise control of 
fresh air, filtration, humidification, 
dehumidification, heating, and cool- 
ing. When the outdoor air is cool, 
an all-air system can switch to an 
economizer cycle, in which it cools 
the building by circulating a maxi- 
mum amount of outdoor air. All-air 
systems concentrate maintenance 
activities in unoccupied areas of 
the building because there are no 
water pipes, condensate drains, 
valves, fans, or filters outside the 
mechanical equipment rooms. 

Air-and-water and all-water 
systems, besides saving space, 
can offer better individual control 
of temperature in the occupied 
spaces than some all-air systems, 
but they are inherently more com- 
plicated, and more maintenance 
activity must be carried out in the 
occupied spaces. 



SELECTING HEATING 
AND COOLING 
SYSTEMS FOR LARGE 
BUILDINGS 

The next few pages summarize 
the choices of heating and cool- 
ing systems for large buildings. 
To determine the space required 
by any system, look first at the 
list of major components that is 
included with each system de- 
scription. The dimensions of any 
components that are unique to 
the system are given immedi- 
ately following this list. Compo- 
nents that are common to more 
than one system may be sized 
using the charts on pages 210- 
213 . 
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CENTRAL ALL-AIR SYSTEMS: SINGLE DUCT, 
VARIABLE AIR VOLUME (VAV) 



Description 

Air is conditioned (mixed with a 
percentage of outdoor air, filtered, 
heated or cooled, and humidified or 
dehumidified) at a central source. 
Supply and return fans circulate the 
conditioned air through ducts to the 
occupied spaces of the building. 
At each zone, a thermostat controls 
room temperature by regulating the 
volume of air that is discharged 
through the diffusers in that zone. 

Typical Applications 

VAV is the most versatile and most 
widely used system for heating and 
cooling large buildings. 

Advantages 

This system offers a high degree of 
local temperature control at moder- 
ate cost. It is economical to operate 
and virtually self-balancing. 

Disadvantages 

VAV is limited in the range of heat- 
ing or cooling demand that may 
be accommodated within a single 
system. When one area of a build- 
j0g ing needs heating while another 

needs cooling, a VAV system cannot 

serve both areas without help from 
a secondary system (see Variations, 
following). 

Major Components 

Boilers and chimney, chilled water 
plant, cooling tower, fan room, out- 
door fresh air and exhaust louvers, 
vertical supply and return ducts, 
horizontal supply and return ducts. 





CENTRAL ALL-AIR SYSTEMS: SINGLE DUCT, 
VARIABLE AIR VOLUME (VAV) 



a VAV control box for each zone, 
supply diffusers, return grilles. (For 
an illustration of typical diffusers 
and grilles, see page 209.) 

Alternately, in buildings of 
moderate size, a packaged system 
may be used in place of all com- 
ponents other than ducts, VAV con- 
trol boxes, diffusers, and grilles. A 
single-packaged system, incorpo- 
rating all central components in a 
single metal box, may be installed 
on the roof or outside an exterior 
wall, or a split-packaged system 
may be installed, with a compres- 
sor and condensing unit in an out- 
door box and an air handling unit 
in an indoor box. Multiple pack- 
aged systems are often used to 
serve buildings that are large in 
horizontal extent. For more detailed 
information on packaged units, see 
pages 186-187. 

Sizing the Components 

The VAV control box is usually con- 
cealed above a suspended ceiling. 
It is approximately 8 to 1 1 in. (200 
to 280 mm) high for zones up to 
1500 sq ft (150 m^) in area and up 
to 18 in. (460 mm) high for zones up 
to 7000 sq ft (700 m^). Its horizontal 
dimensions vary with its capacity, 
up to a maximum length of about 
5 ft (1.5 m). To size the other com- 
ponents of a VAV system, use the 
charts on pages 210-213. 



Variations 

1. In buildings with large areas of 
windows, VAV is often combined 
with a second system around the 
perimeter of the building to deal 
with the large differences in heat- 
ing and cooling demand between 
interior and perimeter rooms. The 
second system is most commonly 
either an induction system (see 
variation 3, following) or hydronic 
convectors (see pages 176-177). 

2. A single duct variable air volume 
reheat system is identical to the 
basic VAV system up to the point 
at which the air enters the local 
ductwork for each zone. In a reheat 
system, the air then passes through 
a reheat coil before it is distributed 
to the local diffusers. The reheat 
coil may be either an electric resis- 
tance coil or a pipe coil that carries 
hot water circulated from the boil- 
er room. A local thermostat con- 
trols the flow of water or electricity 
through the reheat coil, allowing 
for close individual control of room 
temperature. This variation can 
overcome the inability of VAV sys- 
tems to cope with a wide range of 
heating and cooling demands. VAV 
reheat systems are more energy- 
efficient than constant air volume 
reheat systems (page 171) because 
in the VAV systems the reheat coil 
is not activated unless the VAV sys- 



tem is incapable of meeting the 
local requirement for temperature 
control, and a much smaller amount 
of tempered air is circulated. 

3. In the variable air volume induc- 
tion system, a smaller volume 
of conditioned air is circulated 
through small high-velocity ducts 
from a central source. Each outlet 
is designed so that the air dis- 
charging from the duct continually 
pulls air from the room into the 
outlet, mixes it with air from the 
duct, and discharges the mixture 
into the room. This variation is 
used where limited space is avail- 
able for ducts. It is also used to 
maintain a sufficient level of air 
movement in spaces that do not 
have a high demand for heating or 
cooling. 

4. In a dual duct variable air volume 
system, paired side-by-side ducts 
carry both heated and cooled air 
to each zone in the building. At 
each zone, the two airstreams are 
proportioned and mixed under 
thermostatic control to achieve the 
desired room temperature. This 
variation gives excellent local tem- 
perature control, but it requires an 
expensive and space-consuming 
dual system of ductwork, and it is 
not energy-efficient. 
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CENTRAL ALL-AIR SYSTEMS: SINGLE DUCT, 
CONSTANT AIR VOLUME (CAV) 



Description 

Air is conditioned (mixed with a 
percentage of outdoor air, filtered, 
heated or cooled, and humidi- 
fied or dehumidified) at a central 
source. Supply and return fans cir- 
culate the air through ducts to the 
occupied spaces of the building. 
A master thermostat controls the 
central heating and cooling coils 
to regulate the temperature of the 
building. 

Typical Applications 

Spaces that have large open areas, 
few windows, and uniform loads, 
such as lobbies, department stores, 
theaters, auditoriums, and exhibi- 
tion halls. 

Advantages 

This system offers a high degree of 
control of air quality. It is compara- 
tively simple and easy to maintain. 

Disadvantages 

The entire area served by the sys- 
tem is a single zone, with no pos- 
sibility for individual temperature 
jYQ control. 

Major Components 

Boilers and chimney, chilled water 
plant, cooling tower, fan room, out- 
door fresh air and exhaust louvers, 
vertical supply and return ducts, 
horizontal supply and return ducts, 
supply diffusers, and return grilles. 
(For an illustration of typical dif- 
fusers and grilles, see page 209.) 

Alternately, in buildings of 
moderate size, a packaged system 
may be used in place of all com- 
ponents other than ducts, diffus- 
ers, and grilles. A single-packaged 
system, incorporating all central 
components in a single metal box, 
may be installed on the roof or 
outside an exterior wall, or a split- 
packaged system may be installed, 
with a compressor and a condens- 





CENTRAL ALL-AIR SYSTEMS: SINGLE DUCT, 
CONSTANT AIR VOLUME (CAV) 



Variations 

1 . A furnace is an indoor unit that 
incorporates a source of heat and 
an air-circulating fan into a single 
metal box. The source of heat may 
be a gas burner, an oil burner, 
an electric resistance coil, or a 
heat pump coil. Cooling coils may 
also be incorporated if desired. 
The capacity of furnaces is limited 
to such an extent that they are used 
mostly in single-family houses and 
other very small buildings; mul- 
tiple furnaces are sometimes used 
to heat and cool somewhat larger 
buildings. For a more extended 
discussion of furnaces, see pages 
243-245. 

2. A single duct, constant air vol- 
ume reheat system is identical to 
the CAV system first described up 
to the point at which the air enters 
the local ductwork for each zone. In 
reheat systems, the air then passes 
through a reheat coil. The reheat 
coil may carry hot water or steam 
piped from the boiler room, or it 
may be an electric resistance coil. 
A local thermostat controls the tem- 
perature of the reheat coil, allowing 
for close individual control of room 
temperature. Reheat systems are 
typically used in situations requir- 
ing precise temperature control 
and constant airflow, such as labo- 
ratories, hospital operating rooms, 
or specialized industrial processes. 
Because CAV reheat systems are 
inherently wasteful of energy, first 
cooling air and then heating it, 
they are not often specified for new 
buildings. 

3. In the multizone system, several 
ducts from a central fan serve sev- 
eral zones. In one type of multi- 
zone system, dampers blend hot 
and cold air at the fan to send 
air into each duct at the tempera- 
ture requested by the thermostat 
in that zone. In another type (the 
one illustrated here), reheat coils 




in the fan room regulate the tern- are generally restricted to a small 
perature of the air supplied to each number of zones with short runs 
zone. Multizone systems require a of ductwork. Packaged multizone 
large amount of space for ductwork units are also available, 
in the vicinity of the fan, so they 
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CENTRAL AIR AND WATER SYSTEMS: 
AIR-WATER INDUCTION SYSTEM 



Description 

Fresh air is heated or cooled, fil- 
tered, and humidified or dehumidi- 
fied at a central source and circu- 
lated in small high-velocity ducts 
to the occupied spaces of the build- 
ing. Each outlet is designed so that 
the air discharging from the duct 
(called primary air) draws a much 
larger volume of room air through 
a filter. The mixture of primary air 
and room air passes over a coil that 
is either heated or cooled by sec- 
ondary water piped from the boiler 
room and chilled water plant. The 
primary air (about 15% to 25% of 
the total airflow through the outlet) 
and the heated or cooled room 
air that has been induced into the 
outlet (75% to 85% of the total 
airflow) are mixed and discharged 
into the room. A local thermostat 
controls water flow through the coil 
to regulate the temperature of the 
air. Condensate that drips from the 
chilled water coil is caught in a pan 
and removed through a system of 
drainage piping (not shown in the 
accompanying diagram). 



172 Typical Applications 

Interior spaces of buildings with 
a wide range of heating and cool- 
ing loads where close control of 
humidity is not required, especially 
office buildings. 

Advantages 

This system offers good local tem- 
perature control. Space require- 
ments for ductwork and fans are 
less than those for all-air systems. 
There are no fans in the occupied 
spaces. 




Hot water or steam 



AIR-WATER INDUCTION SYSTEM 




CENTRAL AIR AND WATER SYSTEMS: 
AIR-WATER INDUCTION SYSTEM 



Disadvantages 

This is a relatively complicated sys- 
tem to design, install, maintain, and 
manage. It tends to be noisy, and 
it is very inefficient in its use of 
energy. Humidity cannot be closely 
controlled. It is rarely designed or 
specified today. 




AIR-WATER INDUCTION UNIT 



Major Components 

Boilers and chimney, chilled water 
plant, cooling tower, fan room, out- 
door fresh air and exhaust louvers, 
vertical supply and return ducts, 
horizontal supply and return ducts, 
vertical supply and return piping, 
horizontal supply and return pip- 
ing, condensate drainage piping, 
air-water induction units. The water 
piping to each unit may consist of 
two, three, or four pipes, depending 
on whether a single coil is used for 
both heating and cooling or sepa- 
rate coils are provided for each. 
An additional pipe is required for 
condensate drainage. 

Sizing the Components 

Induction units are usually sized 
to fit beneath a window. Heights 
range from 25 to 28 in. (635 to 710 



mm), depths from 9 to 12 in. (230 to 
305 mm), and lengths from 30 to 84 
in. (760 to 2130 mm). For the dimen- 
sions of the other components of 
the system, see the charts on pages 
210-213. 

Variations 

Fan-coil units with primary air sup- 
ply are similar to induction units, 
but use a fan to blow air through 
the coils instead of relying on the 
induction action of the primary air- 
stream to circulate air from the 
room. The advantage of the fan-coil 
unit is that it can continue to circu- 
late air even when the primary air 
is turned off. The primary air can 
be supplied through either the fan- 
coil unit or a separate diffuser. 
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CENTRAL ALL-WATER SYSTEMS: 
FAN-COIL TERMINALS 



Description 

Hot and/or chilled water are piped 
to fan-coil terminals. At each termi- 
nal, a fan draws a mixture of room 
air and outdoor air through a filter 
and blows it across a coil of heated 
or chilled water and then back into 
the room. A thermostat controls the 
flow of hot and chilled water to the 
coils to control the room tempera- 
ture. Condensate that drips from 
the chilled water coil is caught in 
a pan and removed through a sys- 
tem of drainage piping (not shown 
in this diagram). In most instal- 
lations, the additional volume of 
air brought from the outdoors is 
used to pressurize the building to 
prevent infiltration or is exhausted 
through toilet exhaust vents. 

Typical Applications 

Buildings with many zones, all 
located on exterior walls, such as 
schools, hotels, motels, apartments, 
and office buildings. 

Advantages 

No fan rooms or ductwork spaces 
are required in the building. The 
temperature of each space is indi- 
vidually controlled. 

Disadvantages 

Humidity cannot be closely con- 
trolled. This system requires con- 
siderable maintenance, most of 
which must take place in the occu- 
pied space of the building. 

Major Components 

Boilers and chimney, chilled water 
plant, cooling tower, vertical supply 
and return piping, horizontal sup- 
ply and return piping, condensate 
drainage piping, fan-coil terminals, 
outside air grilles. 

Sizing the Components 

Fan-coil terminals are usually sized 
to fit beneath a window. Heights 
range from 25 to 28 in. (635 to 710 
mm), depths from 9 to 12 in. (230 to 




305 mm), and lengths from 30 to 84 
in. (760 to 2130 mm). For the dimen- 
sions of the other components of 
the system, see the chart on pages 
210 - 211 . 

Variations 

Fan-coil terminals are also manu- 
factured in a horizontal ceiling- 
hung configuration and in a tall, 
slender configuration for mounting 
in vertical chases. 





CENTRAL ALL- WATER SYSTEMS: 
CLOSED-LOOP HEAT PUMPS 




Description 

A water-to-air heat pump unit in 
each space provides heating, cool- 
ing, and fresh air. The water source 
for all the heat pumps in the build- 
ing circulates in a closed loop of 
piping. Control valves allow the 
water source to circulate through a 
cooling tower in the summer and a 
boiler in the winter, and to bypass 
both the boiler and the cooling 
tower in spring and fall and at 
any other time when the heating 
and cooling needs of the various 
rooms in the building balance one 
another. 

Typical Applications 

Hotels containing chronically over- 
heated areas (kitchens, laundry, 
assembly rooms, restaurants). 

Advantages 

This is an efficient system in which 
heat extracted from chronically 
overheated areas can be used to 
heat underheated areas (e.g., guest 
rooms) . 

Disadvantages 

This is an expensive system to 
install, and careful economic analy- 
sis is needed to determine if the 
high installation costs can be bal- 
anced by energy savings. The heat 
pumps require that much of the 
routine maintenance take place in 
the occupied spaces. 

Major Components 

Heat pump units, boiler room, cool- 
ing tower. 

Sizing the Components 

The heat pumps may be located 
above a dropped ceiling over the 
bathroom and dressing areas in 
hotel rooms or below windows. A 
typical under-window heat pump 
unit is approximately 30 in. (760 
mm) high, 12 in. (305 mm) deep, and 
60 in. (1525 mm) long. An above- 



CLOSED-LOOP HEAT PUMP SYSYTEM 



ceiling unit has approximately the 
same dimensions, with the 12-in. 
(305-mm) dimension vertical. For 
the dimensions of the other com- 
ponents of the system, see the chart 
on pages 210-2 1 1 . 
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CENTRAL ALL-WATER SYSTEMS: 
HYDRONIC CONVECTORS 



Description 

Hot water from the boiler room is 
circulated through fin-tube convec- 
tors, which are horizontal pipes 
with closely spaced vertical fins, 
usually mounted in a simple metal 
enclosure with an air inlet opening 
below and outlet louvers above. 
The heated fins, working by con- 
vection, draw cool room air into the 
enclosure from below, heat it, and 
discharge it out the top. 

Typical Applications 

Hydronic convectors are used 
alone in buildings where cooling is 
not required and where ventilation 
may be accomplished by open- 
ing windows or through a supple- 
mental ventilation system. They are 
also used as a supplemental source 
of heat in combination with other 
heating and cooling systems. 

Advantages 

This is an economical system to 
install and operate. It provides 
excellent comfort during the heat- 
ing season. Convectors are avail- 
able in configurations ranging 

from continuous horizontal strips 

to cabinet units, either recessed 
or surface-mounted. Local control 
of temperature is possible through 
thermostatically controlled zone 
pumps or zone valves; through 
self-contained, thermostatically 
controlled valves at each convec- 
tor; or, in some types of convec- 
tors, through manually controlled 
dampers. 




HYDRONIC CONVECTORS 




CENTRAL ALL- WATER SYSTEMS: 
HYDRONIC CONVECTORS 




HYDRONIC riN-TUBE CONVECTORS 



Disadvantages 

This is a system for heating only. 
Cooling, humidity control, and ven- 
tilation must be provided by sepa- 
rate means. 

Major Components 

Boilers and chimney, vertical sup- 
ply and return piping, horizontal 
supply and return piping, convec- 
tors. 

Sizing the Components 

Hydronic convectors usually run 
continuously around the perimeter 
of a building. Each convector con- 
tains one or sometimes two con- 
tinuous fin-tubes. The sheet metal 
enclosures for the fin-tubes are 
available in a variety of configura- 
tions. The smallest is about 5 in. 
(127 mm) square in cross section 
and should be mounted at least 
4 in. (100 mm) above the floor. 
Enclosures up to 28 in. (710 mm) 
high and 6 in. (152 mm) deep are 
often used for improved thermal 



performance. The top of the enclo- 
sure contains small louvers and 
may be sloping or flat. For the 
dimensions of the other compo- 
nents of a hydronic heating system, 
see the chart on pages 2 1 0-2 1 1 . 

Variations 

1 . Hydronic heating is useful in 
buildings down to the scale of sin- 
gle-family residences. See pages 
246-247. 

2. In spaces where insufficient 
perimeter is available for convec- 
tors or where the presence of con- 
vectors is undesirable, fan-forced 
unit heaters may be used. These are 
housed in metal cabinets that may 
be recessed in a wall, mounted on 
the surface of a wall, or suspend- 
ed from the ceiling structure. Each 
heater contains a hot-water coil fed 
from the boiler room and an elec- 
tric fan to circulate air across the 
coil. Unit heaters are very compact 
in relation to their heating capacity 
compared to convectors. 
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LOCAL SYSTEMS: PACKAGED TERMINAL UNITS AND 
THROUGH-THE-WALL UNITS 



TYPICAL DIMENSIONS OF PACKAGED TERMINAL UNITS AND 
THROUGH-THE-WALL UNITS 





Width 


Depth 


Height 


Packaged terminal units 


43" 

(1100 mm) 


14"-20" 
(360-510 mm) 


16" 

(410 mm) 


Through-the-wall units 


24-26" 

(610-660 mm) 


17"-30" 
(430-760 mm) 


16"-18" 
(410-460 mm) 



Description 

One or several through-the-wall 
units or packaged terminal units are 
mounted on the exterior wall of each 
room. Within each unit, an electric- 
powered compressor and evapora- 
tor coil provide cooling capability. 
Heating is supplied either by elec- 
tric resistance coils or by utilizing 
the compressor in a reversible cycle 
as a heat pump. A fan draws indoor 
air through a filter, adds a portion 
of outdoor air, passes the air across 
the cooling and heating coils, and 
blows it back into the room. Another 
fan circulates outdoor air indepen- 
dently through the unit to cool the 
condensing coils (and, in a heat 
pump cycle, to furnish heat to the 
evaporator coils). A control thermo- 
stat is built into each unit. 

There are several alternative 
types of equipment that fit into this 
category. Packaged terminal units 
are contained primarily in an indoor 
metal cabinet that fits beneath a 
window; they are connected to out- 
door air with a wall box and an 
outdoor grille. Through-the-wall 
units are contained in a rectangular 
178 metal box that is mounted directly 
in an opening in the exterior wall 
of the building. A variation of the 
through-the-wall unit is the famil- 
iar window-mounted unit, used only 
for low-cost retrofitting of existing 
buildings. The only service distri- 
bution to any of these types of units 
is an electric cable or conduit. 

Typical Applications 

Apartments, dormitories, motels, 
hotels, office buildings, schools, 
nursing homes. 



Advantages 

Units are readily available and eas- 
ily installed. Initial costs are often 
lower than those for central sys- 
tems. Each room has individual 
control of temperature. No build- 
ing space is utilized for central 
equipment, ductwork, or piping. 
Operating costs may be lower than 
those for central systems in build- 
ings in which not all spaces need 
to be heated or cooled all the time, 
such as motels. 

Disadvantages 

Maintenance costs are high and 
equipment life is relatively short. 
Maintenance must be carried out 
in the occupied spaces. The equip- 
ment is often noisy and inefficient. 
Air distribution can be uneven. 
Wintertime humidification is not 
possible. Operating costs are high 
in areas with very cold winters and 
costly electricity. Through-the-wall 
and window-mounted units can be 
unsightly. 

Major Components 

Packaged terminal units or through- 
the-wall units. Typical dimensions 
of these units are given in the table 
above. 
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This chapter will help you lay out the 
necessary spaces for mechanical and 
electrical equipment in a preliminary 
design for a large building _ 
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MAJOR EQUIPMENT SPACES FOR LARGE BUILDINGS 



major equipment spaces for 
a large building are discussed in 
alphabetical order on the pages 
that follow. 



BOILER ROOM AND 
CHIMNEY 

The boiler room produces hot water 
or, less commonly, steam to heat 
the building and to heat domes- 
tic water. Sometimes steam is also 
used to power absorption chilling 
equipment. A boiler room for a 
large building normally contains at 
least two boilers so that one may be 
in service even if the other is being 
cleaned or repaired. All boilers are 
connected to a single chimney. The 
boiler room may be placed any- 
where in a building; common loca- 
tions are a basement, a mechani- 
cal room on grade, a mechanical 
floor, or the roof. It should be on 
an outside wall because it needs 
an intake grille for combustion air 
and a door or removable panel 
to allow for removal and replace- 
ment of the boilers. Because of the 
noise and heat it gives off, a boiler 
room should be placed below or 
adjacent to areas such as loading 
docks and lobbies that will not be 
adversely affected. It is helpful to 
locate the boiler room next to the 
chilled water plant; the two facili- 
ties are often combined in a single 
room. Hot water supply and return 
pipes run from the boilers through 
vertical shafts to reach the other 
floors of the building. 

Boilers and their associated 
equipment create very heavy floor 
loadings that need to be taken into 
account when designing the sup- 
porting structure. In many cases, 
building codes require that the 
boiler room enclosure be fire- 



resistance rated or the room itself 
must be sprinklered. 

Boilers may be fueled by gas, 
electricity, or oil. Electric boil- 
ers, which generally are economi- 
cal only in areas where electric- 
ity costs are very low, eliminate 
the need for combustion air inlets 
and a chimney. Generally, a 2-week 
supply of fuel for an oil-fired boiler 
is stored in tanks in or near the 
building. The filler pipes must be 
accessible to oil delivery vehicles. 
These tanks are usually buried next 
to the building if space permits. If 
the tanks are inside the building, 
they must be installed in a naturally 
ventilated room that is designed so 
that it can contain the full contents 
of a tank and keep the contents 
from escaping into the building if 
the tank should leak. A basement 
location on an outside wall is pre- 
ferred. Oil for a boiler on an upper 
floor of a building is pumped up a 
shaft through a pipe from the tanks 
below. 



An approximate floor area for 
a boiler room may be determined 
using the chart on pages 210-211. 
In larger buildings, a long, nar- 
row room is usually preferable to a 
square one. The ceiling height of a 
boiler room varies from a minimum 
of 12 ft (3660 mm) for a building of 
moderate size to a maximum of 16 
ft (4880 mm) for a large building. 

The size of the chimney that is 
associated with fuel-burning boil- 
ers varies with the type of fuel, the 
height of the chimney, the type of 
draft (natural, forced, or induced) 
that is employed, and other factors. 
For preliminary design purposes, 
allow a floor area of 2 ft X 2 ft (610 
mm square) for a chimney in a very 
small building and 6 ft X 6 ft (1830 
mm square) in a very large build- 
ing, interpolating between these 
extremes for buildings of interme- 
diate size. Keep in mind that the 
chimney runs through every floor 
of the building above the boiler 
room. 




■Chimney 
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CHILLED WATER PLANT 

The chilled water plant produc- 
es cold water, usually 42° to 45°F 
(5° to 6°C) in temperature, which 
is used for cooling the building. 
The chillers are fueled by elec- 
tricity, gas, or steam. The chillers 
give off heat, noise, and vibration, 
and should not be located near 
spaces they will adversely affect. 
They may be placed anywhere in 
the building from basement to roof, 
but they are heavy and require 
deeper-than-normal structural 
members for support. An outside 
wall location is desirable to allow 
for the necessary ventilation and 
maintenance access. Ideally, the 
chilled water plant should be adja- 
cent to the boiler room; the two are 
often housed in the same room in a 
building of moderate size. Chilled 
water supply and return pipes run 
from the chilled water pumps to 
the fan rooms or terminals that 
they serve. Condenser water sup- 
ply and return pipes run between 
the chillers and the cooling towers. 

An approximate floor area for a 
chilled water plant may be deter- 
mined using the chart on pages 
2 1 0-2 1 1 . In larger buildings, a long, 
narrow room is usually preferable 
to a square one. The ceiling height 
of a chilled water plant varies from 



a minimum of 12 ft (3660 mm) for 
a building of moderate size to a 
maximum of 16 ft (4880 mm) for a 
very large building. 



COOLING TOWERS 

Cooling towers extract heat from 
the water that is used to cool the 
condenser coils of the chilled water 
plant. In effect, the cooling towers 
are the mechanism by which the 
heat removed from a building by 
the air conditioning system is dis- 
sipated into the atmosphere. Most 
cooling towers are “wet,” meaning 
that the hot water from the con- 
densers splashes down through the 
tower, giving off heat by evapora- 
tion and convection to a stream of 
air that is forced through the tower 
by fans. The cooled water is col- 
lected in a pan at the bottom of the 
tower and circulated back to the 
chillers. 

The size and number of cool- 
ing towers are related to the cool- 
ing requirements of the building. 
Cooling towers may be located on 
the ground if they are at least 100 ft 
(30 m) from any building or park- 
ing lot to avoid property damage 
and unhealthful conditions from the 
splash, fog, and microorganisms 
given off by the towers. An alter- 
nate location is the roof of the build- 
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ing, but because of the noise and 
vibration they generate, the tow- 
ers should be isolated acoustically 
from the frame of the building, and 
noise-sensitive areas such as audi- 
toriums and meeting rooms should 
not be located directly below them. 
Rooftop cooling towers must be 
located well away from windows 
and fresh air louvers. 

A preliminary estimate of the 
roof or ground area occupied by 
cooling towers may be obtained 
from the chart on pages 210-211. 
Cooling towers range between 13 
and 40 ft (4 and 12 m) in height; 
the height for a given building 
can be estimated by interpolating 
between these two extremes. The 
towers usually have a 4-ft (1.2-m) 
crawlspace beneath. For free air- 
flow, they should be located one 
full width apart and at least 10 to 
15 ft (3 to 5 m) from any screen wall 
or parapet wall unless the wall has 
very large louvers at the base to 
allow for intake air. 
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TYPICAL LAYOUT OF A CHILLED WATER PLANT 



ELECTRICAL SERVICES FOR LARGE BUILDINGS 








MAJOR EQUIPMENT SPACES FOR LARGE BUILDINGS 



ELECTRICAL SERVICE 

ENTRANCE, 

TRANSFORMERS, 

SWITCHGEAR, AND 

EMERGENCY/STANDBY 

POWER 

Every building has an electri- 
cal transformer or transformers, 
a meter or meters, and a panel 
or switchgear that distributes the 
power to the interior wiring that 
services the building. The loca- 
tions and sizes of these elements 
vary considerably, depending on 
the size and purpose of the build- 
ing, the type of electric service 
provided by the local utility, the 
standards and practices of the util- 
ity company, the preferences of the 
building owner, the judgment of 
the electrical engineer, and local 
electrical codes. 

For reasons of efficiency, elec- 
tric utilities transmit electricity at 
high voltages. Transformers reduce 
this to lower voltages that can be 
utilized directly in the building — 
typically 120/208 volts or 115/230 
volts in wall and floor receptacles, 
182 and up to 480/277 volts in some 
types of machinery and lighting 
fixtures. A commercial building of 
up to 25,000 sq ft (2500 m^) or a 
residential building of up to twice 
this size will most often buy its 
electricity at these lower voltages. 
For buildings in this size range, the 
transformer is provided by the util- 
ity company and may be mounted 
overhead on a transmission pole, on 
the ground (especially where trans- 
mission lines are underground), or, 
in some dense urban situations, in 
a nearby building or underground 
vault. A meter or meters belonging 
to the utility company are installed 
on or in the building where the 
service wires enter, and distribu- 
tion within is usually by means of 
panels of circuit breakers that are 
located in an adjacent utility space 
or a small electrical closet. 



Owners of larger buildings 
sometimes prefer to buy electric- 
ity at these lower voltages, but 
they can obtain energy more eco- 
nomically by providing their own 
transformers and purchasing elec- 
tricity at the higher transmission 
voltage. One typical pattern is to 
bring electricity to the building at 
13,800 volts and then to step down 
to 480/277 volts with a large pri- 
mary transformer or transformers 
at the service entrance. The 277-volt 
electricity is used directly in many 
types of commercial and industrial 
lighting, and at 480 volts, electric- 
ity can be distributed efficiently to 
electrical closets in various parts of 
the building. Each electrical closet 
houses one or more small second- 
ary transformers to step down from 
480 volts to the lower voltages need- 
ed for convenience receptacles and 
machinery. 

Primary transformers may be 
located either outside or inside the 
building. Where space is available, 
an outdoor transformer mounted 
on a ground-level concrete pad is 
preferred to an indoor transformer, 
because it is less expensive, cools 
better, is easier to service, trans- 
mits less noise to the building, and 
is safer against fire. Some common 
dimensions of pad-mounted trans- 
formers are shown in the upper 
table on the facing page. A trans- 




PAD-MOUNTED TRANSFORMER 



former of this type does not need 
to be fenced except for visual con- 
cealment, in which case there must 
be a clear space of 4 ft (1.2 m) 
all around the pad for ventilation 
and servicing. The pad should be 
within 30 ft (9 m) of a service road 
and requires a clear service lane 6 
ft (1.83 m) wide between the trans- 
former and the road. Multiple out- 
door transformers are often used to 
serve larger buildings and are usu- 
ally placed at intervals around the 
perimeter of the building to supply 
electricity as close as possible to 
its point of final use. 

In a dense urban setting, or 
where the building owner finds 
outdoor placement objectionable, 
the primary transformer or trans- 
formers must be located within 
the building. Oil-filled transform- 
ers of the type the utility company 
provides for large buildings must 
be placed in a transformer vault, 
which is a fire-rated enclosure with 
two exits. In a few large cities, it is 
customary to place the transformer 
vault under the sidewalk, covered 
with metal gratings for ventilation. 
Dry-type transformers of the kind 
usually bought by owners of small 
and medium-sized buildings do not 
need a vault; they may be placed in 
the main electric room. The trans- 
former vault or main electric room 
is often placed in the basement 
or on the ground floor but may be 
located on higher floors. Primary 
transformers are very heavy and 
require a heavier, deeper support- 
ing structure than the rest of the 
building. 

In buildings with dry-type trans- 
formers, the switchgear, consisting 
of disconnect switches, secondary 
switches, fuses, and circuit break- 
ers, may be housed in the same 
enclosure with the transformers in 
a configuration known as a unit sub- 
station. In large buildings with oil- 
filled transformers, the switchgear 
is located in a room adjacent to the 
transformer vault. 
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Transformers and switchgear 
must be ventilated because they 
give off large quantities of heat. It 
is best to locate them against an 
outside wall so that high and low 
convective ventilation openings can 
be provided. If this is not possible, 
ventilation can be accomplished 
by ductwork and fans connected 
to outdoor air louvers. Access pan- 
els or doors must be provided for 
servicing and replacing switchgear 
and transformers. Some examples 
of sizes of transformer vaults and 
switchgear rooms are given in the 
lower table on this page. 

Several large conductors 
run from the transformers to the 
switchgear and from the switch- 
gear to the vertical and horizon- 
tal distribution components that 
feed electrical closets throughout 
the building. For information on 
vertical distribution and electrical 
closets, see page 193. For informa- 
tion on horizontal distribution, see 
pages 205-209. 

Where it is important to main- 
tain a continuous supply of electri- 
cal power, service may be brought 
to a building from two or more 
independent electric substations 
and possibly routed through sepa- 
rate transformers and switchgear 
at the building site. In this way, 
the building is less vulnerable to 
power outages resulting from a sin- 
gle point of failure in the upstream 
supply. 
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LARGE BUILDINGS MEDIUM-SIZED BUILDINGS: SMALL 

TWO ALTERNATIVES BUILDINGS 



TYPICAL DIMENSIONS OF PAD-MOUNTED TRANSFORMERS 



Floor Area of Commercial 
Building 


Number of 
Residential Units 


Pad Size 


18,000 


50 


52 X 44 in. 


(1,700 m2) 




(1.3 X 1.2 m) 


60,000 ft2 


160 


52 X 50 in. 


(5,700 m2) 




(1.3 X 1.3 m) 


180,000 ft2 


— 


96 X 96 in. 


(17,000 m2) 




(2.4 X 2.4 m) 
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TYPICAL SIZES OF TRANSFORMER VAULTS AND SWITCHGEAR ROOMS 



Floor Area of 
Commercial 
Building 


Floor Area of 

Residential 

Building 


Size of Combined 
Room for Transformers 
and Switchgear 


Size of 

Transformer 

Vault 


Size of 

Switchgear 

Room 


150,000 ft2 


300,000 ft2 


30 X 30 X 1 1 ft 






(15,000 m2) 


(30,000 m2) 


(9.14 X 9.14 X 2.44 m) 






100,000 ft2 


200,000 ft2 




20 X 20 X 1 1 ft 


30 X 20 X 1 1 ft 


(10,000 m2) 


(20,000 m2) 




(6.0 X 6.0 X 3.35 m) 


(9.0 X 6.0 X 3.35 m) 


300,000 ft2 


600,000 ft2 




20 X 40 X 1 1 ft 


30 X 40 X 1 1 ft 


(30,000 m2) 


(60,000 m2) 




(6.0 X 12.0 X 3.35 m) 


(9.0 X 12.0 X 3.35 m) 


1,000,000 ft2 


2,000,000 ft2 




20 X 80 X 1 1 ft 


30 X 80 X 1 1 ft 


(100,000 m2) 


(200,000 m2) 




(6.0 X 24.0 X 3.35 m) 


(9.0 X 24.0 X 3.35 m) 



CONFIGURING AND SIZING MECHANICAL AND 
ELECTRICAL SERVICES FOR LARGE BUILDINGS 






MAJOR EQUIPMENT SPACES FOR LARGE BUILDINGS 



In many buildings, on-site 
equipment capable of generating 
power in the event of an interrup- 
tion in normal electrical service 
is also required. Such equipment 
can provide emergency power for 
building systems essential to life 
safety — such as assembly area 
lighting, fire detection, alarm sys- 
tems, fire pumps, elevators, and 
emergency communications — or 
standby power for less essential 
services. The equipment consists 
of one or more electrical genera- 
tors driven by engines fueled with 
natural gas, propane gas, diesel 
oil, or gasoline. In the case of all 
but natural gas, on-site fuel stor- 
age is also required. During testing 
and operation, large quantities of 
air for combustion and cooling are 
required, and exhaust gases, noise, 
and vibration are emitted. The 
best location for power generating 
equipment is on the ground outside 
the building, near the switchgear 
room. Engine-generator sets in pre- 
fabricated weather-resistant hous- 
ings are available for this purpose. 
The next best location is on the roof 
of the building. Alternatively, this 
184 equipment may be located inside 
the building on an exterior wall, as 
far as possible from occupied areas 
of the building and within a fire- 
resistance rated enclosure. Typical 
dimensions for the housing or room 
to accommodate an emergency 
power supply for an average com- 
mercial building of up to 150,000 
sq ft (14,000 m^) are 12 ft (3.7 m) 
wide and 18 ft (5.5 m) long. A space 
of the same width, 22-ft (6.7-m) in 
length, will accommodate the sup- 
ply for a building of up to 400,000 
sq ft (37,000 m^). Where additional 
standby power is required, space 
requirements will be greater. 

There is a loss of power for a 
period of up to 10 seconds between 
the time a power interruption occurs 
and the time an on-site generator 
takes over. Where this brief inter- 
ruption is unacceptable, such as in 
buildings with specialized medical 



equipment, computers, communi- 
cations equipment, certain types 
of lighting, or an extraordinary 
need for security, a battery-pow- 
ered uninterruptible power supply 
(UPS) provides electricity during 
this transition. The UPS requires a 
room for batteries and an adjacent 
room for specialized circuit break- 
ers and electronic controls. These 
should be located close to the area 
that utilizes the UPS power. A typi- 
cal computer room of 10,000 sq 
ft (1000 m^) requires an outside- 
ventilated battery room of 500 sq ft 
(47 m^) and a room of 200 sq ft (19 
m^) for electronic equipment. Both 
of these rooms require air condi- 
tioning. Depending on the power 
capacity, the enclosure of the UPS 
equipment may be required to be 
fire-resistance rated. 



EXHAUST FANS 

Exhaust fans draw air constantly 
from toilet rooms, locker rooms, 
bathrooms, janitor closets, storage 
rooms, corridors, and kitchens and 
deliver it to the outdoors to keep the 
air fresh in these spaces. Exhaust 



fans are also used to evacuate air 
from laboratory fume hoods and 
many industrial processes. The fans 
are usually housed in small mush- 
room ventilators on the roof and are 
connected to the spaces they serve 
by ducts that run through the verti- 
cal shafts in the cores of the build- 
ing. It is difficult to generalize about 
the sizes of exhaust ducts and fans; 
they tend not to be extremely large, 
so it is usually sufficient to allow 
a small amount of shaft space and 
roof space that can later be adjusted 
in consultation with the mechanical 
engineer. 
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minimum, 
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FAN ROOMS AND 
OUTDOOR AIR LOUVERS 

In an all-air system, an air handling 
unit in a fan room circulates air 
through a filter and hot water and 
chilled water coils to condition it. 
The conditioned air is ducted to 
the occupied spaces of the build- 
ing. A return fan draws air from 
the occupied spaces into return 
grilles and back to the fan room 
through return ducts. Just before 
it passes through the heating and 
cooling coils again, a portion of the 
air is diverted by a damper and 
exhausted through a louver to the 
outdoors. An equal portion of fresh 
air is drawn in through another 
outdoor louver and added to the 
stream of return air. 

Fan rooms may be located any- 
where in the building; they are sup- 
plied with hot and chilled water 
through insulated pipes from the 
boiler room and the chilled water 
plant. A floor plan of a typical fan 
room is shown on the facing page. If 
only a single fan room is used, it may 
be placed in the basement, on the 
ground floor, on the roof, or on any 
intermediate floor, as close to the 
vertical distribution shafts as pos- 
sible. It is most convenient to locate 
this room near an outside wall, but if 
an outside wall location is not pos- 
sible, ducts to the outdoors are used 
to convey fresh air and exhaust air 
to and from the fan. These ducts may 
run horizontally, above a ceiling, or 
vertically, in a shaft. 

The maximum vertical “reach" 
of a fan room is approximately 25 
stories up and/or down; more typi- 
cally, fan rooms are located so that 
none of them needs to circulate air 
more than 11 to 13 stories in each 
direction. 

Multiple fans distributed 
throughout the building are often 
desirable because they allow the 
building to be zoned for better local 
control, and they reduce the total 




FAN ROOM ON AN 
INTERMEDIATE FLOOR 

volume of ductwork in the build- 
ing. It can be advantageous to have 
a separate fan room for each floor 
of a building, because this saves 
floor space by eliminating most or 
all of the vertical runs of ductwork. 
Separate fan rooms are used in 
buildings that bill tenants individu- 
ally for heating and cooling costs. 



FAN ROOM AT THE TOP 
OF A BUILDING 

Fan room equipment is often 
heavy enough to require stron- 
ger structural support than the 
surrounding areas of the build- 
ing. Noise-sensitive areas such as 
meeting rooms and auditoriums 
should not be located adjacent to 
fan rooms, which produce vibration 
and noise. 
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The fresh air and exhaust air 
louvers associated with a fan room 
are noisy and create strong local air 
currents. They need to be located a 
short distance apart, usually at least 
10 ft (3 m), on the exterior wall, so 
that the outgoing and incoming air 
do not mix. Louvers for small pieces 
of equipment such as fan-coil units 
are very small. With careful design 
work, they can be integrated unob- 
trusively into the fabric of the wall. 
Louvers for larger pieces of equip- 
ment grow progressively larger 
with the floor area each serves. 
They are large and conspicuous for 
central fans serving a number of 
floors and require special attention 
on the part of the architect. 

Use the graph on pages 212- 
213 to determine the approximate 
sizes of outdoor louvers for prelimi- 
nary design purposes. The same 
graph gives information on sizing 
fan rooms as a function of floor 
area served. Using this graph, one 
may quickly evaluate a number of 
schemes for air distribution, using 
one fan room or many, to determine 
the effect of each scheme on the 
space planning and the exterior 
appearance of the building. 



LOADING DOCK AND 
ASSOCIATED SPACES 

Every large building needs at least 
a single loading dock and freight 
room for receiving and sending 
mail and major shipments, moving 
tenant furniture in and out, remov- 
ing rubbish, and facilitating the ser- 
vicing of mechanical and electrical 
equipment. The dock needs to be 
situated so that trucks may back up 
to it easily without obstructing traf- 
fic on the street. The freight room 
inside the dock area should open 
directly to the rubbish compac- 
tor and the freight elevators, and 
should be connected to the major 
mechanical equipment spaces and 
the mailroom. It is often appropri- 



ate to locate the oil filler pipes 
next to the truck ramp that leads 
to the loading dock. If possible, the 
access doors to the major equip- 
ment spaces should also open to 
the dock or ramp area. 



PACKAGED CENTRAL 
HEATING AND COOLING 
EQUIPMENT 

Packaged central heating and cool- 
ing equipment comes in two differ- 
ent configurations: 

■ Single-packaged heating and 
cooling equipment combines the 
functions of a boiler room and chim- 
ney, a chilled water plant, and a fan 
room into a compact, rectangular, 
weatherproof unit that is specified, 
purchased, and installed as a single 
piece of equipment. The supply 
and return ducts from the building 
are connected through the roof or 
the wall of the building to the fan 
inside the packaged unit. 

■ Split-packaged units are furnished 
in two parts: an outdoor package 
that incorporates the compres- 
sor and condensing coils, and an 
indoor package that contains the 
cooling and heating coils and the 
circulating fan. The two packages 
are connected by insulated refrig- 
erant tubing and control wiring. 
Split-packaged units cost slightly 





SPLIT-PACICAGED UNIT 



more than single-packaged units, 
but they are slightly more ener- 
gy efficient because none of their 
ductwork is located outside the 
insulated shell of the building. 

Packaged units, whether single 
or split, are fueled entirely by elec- 
tricity or by a combination of elec- 
tricity and gas. Packaged equip- 
ment is simple for the designer to 
select and specify, and is easy to 
purchase and install, because it is 
supplied as off-the-shelf units that 
need only external connections to 
fuel, electricity, control wiring, and 
air ducts. 

Packaged units are available 
in single-zone and multizone con- 
figurations in a variety of sizes to 
serve a wide range of demands for 
cooling and heating. They can be 
purchased as variable air volume 
or constant air volume (VAV or 
CAV) systems (see pages 168-171). 

Single-packaged units are gen- 
erally located either on the roof or 
on a concrete pad alongside the 
building. If alongside, the supply 
and return ducts are connected 
to the end of the unit and pass 
through the side wall of the build- 
ing before branching out to the 
spaces inside. In a rooftop instal- 
lation, the ducts pass through the 
bottom of the unit and into the 
building. The ducts from single- 
packaged units can serve low mul- 
tistory buildings through vertical 
shafts that connect to above-ceiling 
branch ducts on each floor. Rooftop 
units may be placed at intervals to 
serve a building of any horizontal 
extent. The same is true of units 
located alongside the building, 
although the depth of the building 
is somewhat restricted by the maxi- 
mum practical reach of the ducts. 
Using the chart on pages 212-213, 
you may select a combination of 
unit size and numbers of units to 
serve any desired size and shape of 
building. For buildings taller than 
four or five stories, or for large 
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buildings where only one central 
plant may be installed, convention- 
al central equipment assembled 
from components must be used 
because of the relatively limited 
capacity range of packaged units. 

The table below will help to 
determine preliminary sizes for 
split-packaged equipment. The 
inside package may be obtained 
as a horizontal unit that hangs from 
the roof structure or as a vertical 
unit that stands on the floor. The 
outside package may be located on 
the roof or on a concrete pad next 
to the building. 
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THROUGH-THE-WALL SINGLE- 
PACKAGED UNIT 



ROOFTOP SINGLE-PACKAGED UNIT 




TYPICAL DIMENSIONS OF SPLIT-PACKAGED COMPONENTS 



Cooling Capacity in Tons 
(mcal/sec) 


10 

(35) 


20 

(20) 


30 

(106) 


40 

(141) 


50 

(126) 


Outdoor Unit Length 


6’-4" 


12'-11" 


12'-11" 


12'-11" 


12'-11" 




(1.93 m) 


(3.94 m) 


(3.94 m) 


(3.94 m) 


(3.94 m) 


Width 


3’-8" 


4'-0" 


4'- 10" 


7'-l" 


7'-l" 




(1.12 m) 


(1.22 m) 


(1.47 m) 


(2.16 m) 


(2.16 m) 


Height 


3'-4" 


2'-4" 


3'-2" 


4'-9" 


5’-8" 




(1.02 m) 


(0.71 m) 


(0.97 m) 


(1.45 m) 


(1.73 m) 


Indoor Ceiling-Suspended Unit Length 


8'-3" 


7'-10" 


9’-0" 


9’-8" 


9’-8" 




(2.51 m) 


(2.39 m) 


(2.74 m) 


(2.95 m) 


(2.95 m) 


Width 


5’-3" 


6’-8" 


7'-10" 


10'-7" 


10'-7" 




(1.60 m) 


(2.03 m) 


(2.39 m) 


(3.23 m) 


(3.23 m) 


Height 


2'-2" 


2'-6" 


3'-0" 


3'-10" 


3'-10" 




(0.66 m) 


(0.76") 


(0.91") 


(1.17 m) 


(1.17 m) 


Indoor Floor-Mounted Unit Length 


5'-3" 


6'-8" 


7'-10" 


10'-7" 


10'-7" 




(1.60 m) 


(2.03 m) 


(2.39 m) 


(3.23 m) 


(3.23 m) 


Width 


2'-2" 


2'-6" 


3'-0" 


3'-10" 


3'-10" 




(0.66 m) 


(0.76 m) 


(0.91 m) 


(1.17 m) 


(1.17 m) 


Height 


8'-3" 


7'-10" 


9’-0" 


9’-8" 


9’-8" 




(2.51 m) 


(2.39 m) 


(2.74 m) 


(2.95 m) 


(2.95 m) 
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Use the chart on pages 2 1 0-2 1 1 to estimate the required cooling capacity. 






MAJOR EQUIPMENT SPACES FOR LARGE BUILDINGS 



SEWAGE EJECTOR PIT 

If the lowest level of a building 
lies below the level of the sewer 
or septic tank, sewage is collected 
in an underfloor pit and pumped 
up to the sewer. The pumps do 
not necessarily occupy floor space, 
because they are usually contained 
within the pit, but the pit must lie 
beneath unobstructed floor space 
so that it can be inspected and ser- 
viced through a removable cover. 



TELECOMMUNICATIONS 

ROOM 

A central room for telephone and 
data systems should be located 
in the basement or on the ground 
floor as close to the telecommuni- 
cations service entrance as pos- 
sible. Where telecommunications 
distribution closets are stacked on 
floors above, this room should be 



located directly below these clos- 
ets as well. Equipment needs in this 
room will vary, depending on the 
particular systems to be installed, 
and are also likely to vary sig- 
nificantly over time. For this reason, 
this room, and all other compo- 
nents of the telecommunications 
distribution system in the building, 
should be configured with ease of 
access and maximum flexibility in 
mind. For preliminary design pur- 
poses, the service entrance room 
should be no smaller than 60 sq ft 
(6 m^), and may be 400 sq ft (40 m^) 
in size or larger for a large com- 
mercial office building. The room 
should be free of plumbing, steam, 
or other piping and should be in 
a separate cooling zone to allow 
independent temperature control. 
From this room, telecommunica- 
tions wiring extends to distribution 
closets on each floor (see page 
193). 



WASTE COMPACTOR 

A waste compactor is necessary 
in most large buildings. It may be 
coupled with a container system to 
facilitate the trucking of the com- 
pacted rubbish. 

The compactor is often served 
by a vertical refuse chute from the 
upper floors of the building. The 
chute must be placed in a fire- 
resistance rated enclosure and 
must be provided with an auto- 
matic sprinkler head above the top 
opening. Some codes also require 
the provision of a fire-resistance 
rated enclosed chute room outside 
the chute opening at each floor. 
Inside diameters of chutes range 
from 15 to 30 in. (380 to 760 mm), 
with 24 in. (610 mm) being a typical 
dimension. 

The waste compactor should be 
located directly beneath the refuse 
chute and adjacent to the loading 
dock. The size and shape of the 
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compactor itself vary widely with 
the manufacturer and the capacity 
of the unit. A compactor room of 
60 sq ft (5.6 m^) is sufficient for a 
small apartment building. A larger 
building will require 150 to 200 sq 
ft (14.0 to 18.6 m^), and industrial 
waste compacting facilities can be 
much larger. 



WATER PUMPS 

Where the water service enters 
the building, a room is required 
to house the water meter and the 
sprinkler and standpipe valves. In 
a building taller than three or four 
stories, a suction tank and a pair of 
water pumps are needed to boost 



the water pressure in the domes- 
tic water system. A similar pair of 
pumps is required for all but very 
small sprinkler systems. A chill- 
er for drinking water and a heat 
exchanger to heat domestic hot 
water are often located in the same 
area. The table below will assist in 
determining the necessary floor 
areas for water pumps. The enclo- 
sures for fire pump rooms in high- 
rise buildings are often required to 
be fire-resistance rated. 

In a few large cities, local 
codes require the provision of a 
large gravity tank on the roof of 
the building to furnish a reserve 
of water in case of fire. In most 
areas, however, the pumps alone 
are sufficient. 



SPACE REQUIREMENTS FOR WATER PUMPS 



Domestic Water Pumps 


Area Served 


Room Dimensions 


Up to 200,000 


8' X 12' 


(Up to 18,600 m2) 


(2.44 X 3.66 m) 


200,000 to 1,000,000 ft2 


16' X 12' 


(18,600 to 93,000 m^) 


(4.88 X 3.66 m) 



WORKROOMS, CONTROL 
ROOMS, AND OFFICES 



Operating and maintenance per- 
sonnel in large buildings need 
space in which to work. Offices 
should be provided for operating 
engineers and maintenance super- 
visors. A room is required to house 
the control console for a large- 
building heating and cooling sys- 
tem. Lockers and workrooms are 
needed for mechanics, plumbers, 
electricians, and custodial workers. 
Storage facilities should be pro- 
vided near the loading dock and 
service elevator for tools, spare 
parts, and custodial equipment and 
supplies. 
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Fire Pumps (assuming sprinklers) 


Area Served 


Room Dimensions 


Up to 100,000 ft2 


8' X 12' 


(Up to 9300 m2) 


(2.44 X 3.66 m) 


100,000 to 200,000 ft2 


20' X 12' 


(9300 to 18,600 m2) 


(6.1 X 3.66 m) 


1,000,000 ft2 


30' X 24' 


(93,000 m2) 


(9.15 X 7.32 m) 




VERTICAL DISTRIBUTION OF SERVICES FOR LARGE BUILDINGS 



PLANNING SERVICE 
CORES 

Spaces for the vertical distribution 
of mechanical and electrical ser- 
vices in a large building need to be 
planned simultaneously with other 
building elements that are vertically 
continuous or that occur in stacks — 
principally the structural columns, 
bearing walls, shear walls, and wind 
bracing; exit stairways ; elevators and 
elevator lobbies; and rooms with 
plumbing: toilet rooms, bathrooms, 
kitchens, and janitor closets. These 
elements tend to coalesce into one 
or more core areas where the verti- 
cally continuous elements are con- 
centrated into efficient, packaged 
blocks of floor space, leaving most 
of each floor open for maximum 
flexibility of layout. 

Different types of buildings call 
for different sorts of core arrange- 
ments. In high-rise office buildings, 
where a maximum amount of unob- 
structed, rentable area is the major 
criterion for floor layout, a single 
central core is almost universal. In 
low-rise commercial and institution- 
jgQ al buildings, horizontal distances 

are often great enough that a single 

core would be inefficient, and verti- 
cal elements are divided into sev- 
eral cores of varied internal compo- 
sition. These are likely to be located 
asymmetrically in response to the 
servicing and circulation patterns of 
the building. In a dormitory, apart- 
ment building, or hotel, a common 
pattern of vertical services features 
slender shafts sandwiched between 
the living/sleeping units. Shafts next 
to the interior corridor carry the 
plumbing for the bathrooms and 
kitchens that back up to them. If 
the heating and cooling equipment 
for the units is located over the 
bathrooms and kitchens, the hot 
and chilled water piping and duct- 
work may share these same shafts. 
If the heating and coohng are done 
along the outside walls, another set 
of shafts may be created between 




HIGH-RISE OFFICE BUILDING: VERTICAL 
SERVICES IN A CONCENTRATED CORE 




LOW-RISE BUILDING: VERTICAL SERVICES 
IN SCATTERED LOCATIONS 



Stairway 




Heating and 

cooling 

risers 

Plumbing 

walls 

Stairway 



HOTEL OR APARTMENT BUILDING: 
VERTICAL SERVICES BETWEEN UNITS 



units around the perimeter of the 
building to serve this equipment. 

Vertical distribution shafts 
need to connect directly with the 
major equipment spaces that feed 
them and the horizontal distribution 
lines they serve. The boiler room, 
chilled water plant, central fan 
room, exhaust fans, water pumps, 
sewage ejector, waste compactor, 
and cooling towers need to cluster 
closely around the vertical distri- 
bution shafts. The electric and tele- 
communications switchgear should 
not be far away. The electrical and 
telecommunications closets must 
stack up along the wiring shafts at 



each floor. The toilet rooms, bath- 
rooms, kitchens, and janitor closets 
must back up to plumbing walls. 
Horizontal supply and return ducts 
need to join easily with the vertical 
ducts in the shafts, and horizontal 
piping for hot and chilled water 
distribution must branch off conve- 
niently from the riser pipes. 

To protect against the rapid 
spread of smoke and fire between 
building floors, the enclosing walls 
of shafts of all types, including those 
for stairs, elevators, and building 
services, must almost always be 
fire-resistance rated — see pages 
376-379 for more information. 
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LOCATING THE CORES IN 
THE BUILDING 

A centrally located core leaves the 
daylit perimeter area of the build- 
ing open for occupant use. It also 
works efficiently with a scheme that 
distributes services horizontally 
from one set of shafts, because it 
minimizes duct and pipe sizes. The 
central location can be undesirable, 
however, because it interrupts the 
open space of the floor. A core at 
one edge of the building does not 
have this problem, but it may not be 
able to incorporate exit stairways 
that are separated widely enough 
(see page 267), and it obstructs 
a portion of the daylit perimeter. 
Either of these core locations con- 
nects well to major equipment on 
the ground, the roof, and any inter- 
mediate mechanical floors. 



A core located in a corner, 
on the other hand, is undesirable 
because horizontal distribution 
lines from the core are long, exit 
stairways are too close together, 
and connections to major equip- 
ment are congested. Two or more 
corner cores used in combination 
can overcome some of these prob- 
lems. 

Multiple cores often work well, 
particularly in broad, low-rise 
buildings. Exit stairways can be 
widely separated and connected 
to a simple, clear system of cor- 
ridors and elevators. Vertical ris- 
ers for mechanical services can 
be located where they work best, 
minimizing the congestion of ducts 
and pipes at points of connection to 
horizontal networks. 



Core locations may also be 
dictated in part by the structural 
scheme that provides lateral stabil- 
ity to the building. A large, centrally 
located core or two symmetrically 
placed cores can furnish ideal loca- 
tions for wind and seismic bracing. 
A core at the edge of the building 
or a detached core cannot house 
all the bracing for the building 
because it is located asymmetrical- 
ly with respect to one of the princi- 
pal axes of the building (see pages 
39-41). Scattered cores and corner 
cores may not be large enough 
to develop the required depth of 
bracing elements. 

The chart below summarizes 
some of the advantages and dis- 
advantages of different options for 
core placement. 






□ 

□ 



□ □ 

□ □ 




CHARACTERISTICS OF CORE PLACEMENTS 



1 = Best 5= Worst 


Edge 


Detached 


Central 


Two 


Corners 


Scattered 


Flexibility of typical rental areas 


2 


1 


3 


4 


2 


5 


Perimeter for rental areas 


4 


3 


1 


1 


5 


2 


Ground floor high-rent area 


3 


1 


3 


4 


2 


5 


Typical distance of travel from core 


4 


5 


2 


1 


3 


3 


Glarity of circulation 


3 


4 


2 


1 


3 


5 


Daylight and view for core spaces 


2 


1 


5 


5 


1 


4 


Service connections at roof 


3 


4 


2 


1 


5 


3 


Service connections at ground 


3 


4 


2 


1 


5 


3 


Suitability for lateral bracing 


4 


5 


1 


1 


2 


3 
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This table is adapted by permission of John Wiley & Sons, Inc., from Benjamin Stein, John S. Reynolds, and William J. 
McGuinness, Mechanical and Electrical Equipment for Buildings, 7th ed., copyright © 1986, by John Wiley & Sons, Inc. 
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PLANNING 
THE INTERNAL 
ARRANGEMENT OF THE 
CORES 

The ratio of the total floor area of 
the core or cores of a building to 
the floor area served varies widely 
from one building to the next. The 
average total area of the cores in 
40- to 70-story New York City office 
buildings, including the stairways, 
toilets, elevators, and elevator lob- 
bies, is approximately 27% of the 
open area of each floor served by 
the core. This percentage runs as 
high as 38% in some older build- 
ings but is around 20% to 24% in 
office towers of recent design. At the 
other extreme, the total core area 
of a three-story suburban office 
building is likely to be about 7% 
of the floor area served, because 
there are few elevators, much less 
lobby space for elevators, and 
much smaller shafts for mechanical 
and electrical services. 

These percentages also vary 
with the relative requirements for 
mechanical and electrical services; 
they can be higher in a hospital 
or laboratory and are much lower 
in a hotel or apartment building. 
Core area is directly related to the 
type of heating and cooling sys- 
tem used: The percentages quoted 
in the preceding paragraph apply 
to buildings with all-air systems. 
Buildings with air-and-water and 



all-water systems require some- 
what less shaft space. 

A building with a fan room on 
each floor will need very little core 
area for ductwork, but the fan room 
is likely to occupy at least as much 
floor space as the vertical ductwork 
it eliminates. 

The structural scheme of a 
building can also have a direct 
effect on the core area. Of the total 
core area of a tall office building, 
about 12% is usually occupied by 
columns, bracing, walls, and par- 
titions. This percentage is lower 
for lower buildings and can be 
very low in buildings whose core 
areas contain no columns or lat- 
eral bracing. 

The most critical elements 
of the core, those that should be 
located first in at least a tentative 
way, are the columns and lateral 
bracing, the exit stairways, and 
the elevators and elevator lobbies. 
Next should come the plumbing 
walls and the shafts for ductwork. 
For help in laying out the structural 
elements, see pages 39-53. Details 
of the location and configuration of 
exit stairways are given on pages 
267-268 and 272-275. Pages 201- 
203 give advice on the number, 
size, and layout of elevator shafts 
and lobbies. Plumbing walls are 
illustrated on page 195, and duct- 
work shafts can be sized using the 
chart on pages 212-213. 

The chimney is another ele- 
ment for which there may be little 



flexibility of location. Usually the 
chimney exits from a corner of the 
boiler room. It may be sloped at 
an angle not less than 60° to the 
horizontal to bring it to a more 
convenient position in the core. For 
help in sizing chimneys, refer to 
page 180. 



TOTAL SHAFT AREA 

The total open area of all the 
mechanical and electrical shafts 
in a tall office building is normal- 
ly equal to about 4% of the area 
served on each floor and can be 
estimated at about half this amount 
for a low-rise building. This area 
should be divided into at least two 
separate shafts to relieve the con- 
gestion that would otherwise occur 
where the vertical and horizontal 
distribution networks connect. It is 
especially effective to provide sep- 
arate shafts for supply and return 
ducts because it is often possible 
to use a separate return shaft as 
a plenum, a shaft that is itself the 
duct. For maximum utility, the hori- 
zontal ratios of each shaft should lie 
in the range of 1:2 to 1:4. To allow 
sufficient space for connections to 
horizontal distribution networks at 
each floor, no shaft should adjoin 
stair towers or elevator shafts on 
more than one long side and one 
short side. 
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ELECTRICAL AND 

TELECOMMUNICATIONS 

CLOSETS 

Electrical and telecommunications 
closets must be accessible from 
public areas of the floor, stacked 
above one another, and kept free of 
plumbing, steam, and other types 
of piping. Typical sizes and con- 
figurations for electrical closets 
are illustrated in the accompany- 
ing diagrams. In an office building, 
major electrical closets should be 
provided for each 15,000-20,000 
sq ft (1400-1900 m^) of floor area 
so that no point on a floor lies more 
than 100-125 ft (30-40 m) from the 
closest closet. If this is difficult to 
arrange, satellite closets served by 
cables from the major closets may 
be used to supply electricity to 
the more distant areas. In smaller 
buildings or buildings with lesser 
power requirements, satellite-size 
closets may serve in place of major 
ones. Electrical closets do not nor- 
mally require fire-resistance rated 
enclosures, unless they contain 
large transformers. 

The electrical risers that con- 
nect stacked closets may either 
pass between closets through pen- 
etrations protected against fire pas- 
sage in the closet floors or, in taller 
buildings, travel within dedicated, 
vertical shafts abutting one wall 
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of the closets. In very tall build- 
ings, such shafts may become so 
large that they must be configured 
as complete rooms with their own 
entrances. 

Telecommunications closets 
should be provided for every floor 
so that no point on the floor is more 
than 300 ft (90 m) from the clos- 
est closet. For commercial office 
space, telecommunications closets 



should measure 10 X 12 ft (3.0 X 
3.7 m) internally. For less data- 
intensive occupancies, closets as 
small as 4 X 5 ft (1.2 X 1.5 m) may 
be sufficient. 

For larger electrical and tele- 
communications closets, separate 
cooling should be provided to per- 
mit independent temperature con- 
trol. Doors to these closets should 
open outward. 
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FAN ROOMS 

When local fan rooms' fresh air 
and exhaust air connections are 
provided by means of duct ris- 
ers, these rooms should be placed 
against the shafts containing those 
ducts. If local fan rooms exchange 
air directly with the outdoors on 
each floor, they should be placed 
against outside walls, or if this is not 
possible, they can be connected 
to fresh air and exhaust louvers 
by horizontal ducts. Heated and 
chilled water must also be pro- 
vided to the fan rooms, either via 
horizontal piping running from the 
building core or via vertical piping 
in an immediately adjacent shaft. 
Fan rooms should be stacked one 
above the other from floor to floor. 
See pages 1 84- 1 86 and 2 1 2-2 1 3 for 
information on planning fan rooms. 



MAIL FACILITIES 

Vertical gravity chutes for mail 
deposit are often provided in multi- 
story buildings. The chute occupies 
an area of about 5 X 15 in. (125 X 
375 mm) in plan and terminates in 
a receiving box in the base of the 
building. 

Vertical mail conveyors are 
sometimes provided for delivery 
of mail in a large multistory office 
building. The mailroom at the base 
of the conveyor should be adjacent 
to the loading dock and can be 
sized at about Yw of 1 % of the area 
it serves. The walls around the con- 
veyor shaft itself will vary in plan 
from 4 ft X 4 ft 6 in. (1220 X 1370 
mm) to 7 ft 3 in. X 8 ft 6 in. (2210 
X 2590 mm) inside dimensions, 
depending on the system's capac- 
ity and manufacturer. The conveyor 
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Mail conveyor shaft 




should discharge into a service 
mailroom of at least 6 X 7 ft (1830 
X 2135 mm) on each floor. A 1- or 
2-hour fire enclosure is required 
around the conveyor shaft. 



PIPE RISERS FOR 
HEATING AND COOLING 

The insulated pipes that conduct 
heated and chilled water to and 
from the spaces in a building 
require considerable space. In a 
tall apartment building or hotel, 
a clear shaft of 12 X 48 in. (300 X 
1200 mm) is generally sufficient 
to serve two stacks of units. This 
may be sandwiched between units 
at the perimeter of the building 
or located adjacent to the central 
corridor, depending on where the 
heating and cooling equipment is 
located in the units. 



MAILROOM 
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PLUMBING WALLS, 
JANITOR CLOSETS, 
TOILET ROOMS, AND 
BATHING ROOMS 

Fixtures in bathrooms, toilet rooms, 
shower rooms, kitchens, laundries, 
and other areas with plumbing 
should back up to plumbing walls. A 
plumbing wall has an internal cav- 
ity large enough to house the sup- 
ply, waste, and vent piping neces- 
sary to serve the fixtures. Plumbing 
walls should be stacked vertically 
from the bottom of the building 
to the top. It is possible to offset 
plumbing walls a few feet from 
one floor to the next, but horizontal 
offsets are expensive and cause 
maintenance headaches. A typical 
plumbing wall arrangement, com- 
plete with janitor closet, is illus- 
trated and dimensioned on the dia- 
gram to the right. The indicated 
internal widths of the plumbing 
wall are adequate for floor-mount- 
ed fixtures. If wall-hung fixtures are 
used, a 24-in. (600-mm) dimension 
is needed to accommodate the fix- 
ture carriers within the wall. 

Fixture requirements for toilet 
rooms are established by plumbing 
codes. Requirements for the model 
codes included in this book are 
reproduced on the following pages. 
Where building use may change 
over time, consider providing ade- 
quate fixture counts for future uses, 
as it is costly and time-consuming 
to add plumbing facilities to exist- 
ing facilities. 



12* (300 mm) for 
fixtures on one side 

16“ (400 mm) for 
fixtures on two sides 




(2.44 X 1.37 m) 

TOILET ROOM AND JANITOR CLOSET 



CONFIGURING AND SIZING MECHANICAL AND 
ELECTRICAL SERVICES FOR LARGE BUILDINGS 
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Minimum Plumbing 
Fixture Requirements in 
the International Building 
Code 

Consult the table on the facing page 
to determine the minimum number 
of toilet fixtures, lavatories, drink- 
ing fountains, and showers required 
by the International Building Code, 
based on the Occupancy classifi- 
cation and number of occupants 
served. See pages 6-12 for more 
information on determining the 
Occupancy classifications for your 
building and page 297 for deter- 
mining the occupant load. For occu- 
pancy types not listed in the table, 
select the most comparable clas- 
sification in terms of patterns of use 
and occupant density. 

When determining fixture 
requirements, the following should 
also be considered: 

■ Fixture requirements should be 
based on the assumption of equal 
numbers of male and female occu- 
pants. 

■ Under most circumstances, sepa- 
rate toilet facilities are required 
for each sex. Separate facilities are 

196 not required for dwelling units and 
sleeping units, buildings or ten- 
ant spaces with a total occupant 
load of 15 or less, and Mercantile 
Occupancies with an occupant load 
of 50 or less. 

■ For male toilet facilities, urinals 
may be substituted for not more 
than two-thirds of the required 
water closets. 

■ Drinking fountains are not 
required in spaces with an occu- 
pant load of 15 or less. 

■ Toilet facilities for public and 
employee use must be located 
within one story above or below 
and within a 500-ft (152-m) trav- 



el distance of the space served. 
Facilities may in most cases be 
shared between employees and 
the public. 

■ In covered malls, toilet facilities 
may be located within individu- 
al stores or centrally located. The 
travel distance to public facilities 
may not exceed 300 ft (9 1 m) mea- 
sured from the main entrance to 
any store or tenant space. 

■ In Institutional 1-2 and 1-3 
Occupancies, employee and visi- 
tor toilet facilities must be separate 
from resident facilities. 

■ In Residential R-2 Occupancies, 
each dwelling unit must be pro- 
vided with a kitchen sink. At least 
one automatic clothes washer con- 
nection is required for every 20 
dwelling units. 

■ At least one service sink for 
maintenance personnel should be 
provided per floor or use area. 

■ Required toilet room facilities 
must be free of charge. 

Accessible Plumbing 
Facilities in the 
International Building 
Code 

With few exceptions, all toilet and 
bath facilities within accessible 
buildings must be made acces- 
sible. In all cases, accessible build- 
ings must provide at least one set of 
accessible facilities. Fully accessi- 
ble toilet facilities are not required 
for single-occupant private offices, 
nonaccessible dwelling or sleep- 
ing units, facilities on nonaccessi- 
ble floors, or facilities for intensive 
or critical care sleeping rooms. 

Accessible toilet facilities must 
be located on accessible routes 
and equipped with at least one 
accessible fixture of each type. In 



toilet rooms with partitioned water 
closet compartments, at least one 
compartment must be wheelchair 
accessible. Where six or more 
compartments are provided, one 
additional compartment must be 
ambulatory accessible, that is, be at 
least 36 in. (914 mm) in width, have 
an outward-swinging door, and be 
equipped with grab bars. Where 
sinks are provided, at least 5% (and 
at least one) must be accessible. 
Where only one urinal is provided, 
it need not be accessible. 

Where drinking fountains 
are provided, at least half must 
be accessible. At a minimum, at 
least two accessible fountains 
are required, one for wheelchair- 
bound users and one for standing 
users. Alternatively, a single foun- 
tain complying with the dimension- 
al requirements for both user types 
may be provided. 

In A Assembly and M Mercantile 
Occupancies where a total of six or 
more water closets are required, at 
least one accessible, unisex family, 
or assisted-use toilet room must be 
provided for individuals and their 
assistants. In recreational facilities 
with separate-sex bathing rooms 
with more than two bathtubs or 
showers total, at least one such 
unisex bathing room must be pro- 
vided. These facilities should have 
only one set of each fixture type. 
They must be located on accessi- 
ble routes, not more than one story 
above or below other separate- 
sex toilet or bathing rooms, with 
a maximum travel distance along 
the accessible route of 500 ft (152 
m) from those rooms. The fixtures 
provided in accessible unisex toilet 
and bathing rooms may be counted 
toward the overall fixture require- 
ments of the space. 
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Occupancy 


Water Closets 


Lavatories 


Drinking 

Fountains 


Bathrooms/ 

Showers 


A: Assembly 


A-1: Theaters, motion pictures, and 
performing arts facilities 


Male: 1 per 125 
Female: 1 per 65 


1 per 200 


1 per 500 


None 


A-2: Nightclubs, bars, taverns, dance halls 


1 per 40 


1 per 75 


1 per 500 


None 


A-2: Restaurants, banquet halls, food courts 


1 per 75 


1 per 200 


1 per 500 


None 


A-3: Auditoriums without fixed seating, 
galleries, museums, exhibition halls, museums. 


Male: 1 per 125 
Female: 1 per 65 


1 per 200 


1 per 500 


None 


lecture halls, libraries, arcades, gymnasiums 


A-3: Places of worship 


Male: 1 per 150 
Female: 1 per 75 


1 per 200 


1 per 1000 


None 


A-3: Passenger terminals and 


1 per 500 


1 per 750 


1 per 1000 


None 


transportation facilities 


A-4 and A-5: Indoor and outdoor 
arenas with up to 1500 seats 


Male, first 1500 seats: 
1 per 75 

Female, first 1500 
seats: 1 per 40 
Additional seating: 
Male: 1 per 120 
Female: 1 per 60 


Male: 1 per 200 
Female: 1 per 150 


1 per 1000 


None 


B: Business 


First 50 occupants: 

1 per 25 

Additional occupants: 
1 per 50 


First 80 occupants: 

1 per 40 

Additional occupants: 
1 per 80 


1 per 100 


None 


E: Educational 


1 per 50 


1 per 50 


1 per 100 


None 


F: Factory 


1 per 100 


1 per 100 


1 per 400 


Emergency showers 
and eyewash stations 
may be required 


I: Institutional 


I-l: Residential care 


1 per 10 


1 per 10 


1 per 100 


1 per 8 


1-2: Hospitals, ambulatory nursing homes 
(residents only) 


1 per room, or 1 per room, or 

Two patient rooms may share one toilet room 
with direct access from each room 


1 per 100 


1 per 15 


1-2: Visitors 


1 per 75 


1 per 100 


1 per 500 




1-3: Prisons (residents only) 


1 per cell 


1 per cell 


1 per 100 


1 per 15 


1-3: Reformatories, detention centers. 


1 per 15 


1 per 15 


1 per 100 


1 per 15 


correctional centers (residents only) 


1-2 and 1-3: Employee toilet facilities 


1 per 25 


1 per 35 


1 per 1000 


None 


1-4: Adult and child day care 


1 per 15 


1 per 15 


1 per 100 


1 


M: Mercantile 


1 per 500 


1 per 750 


1 per 1000 


None 


R: Residential 


R-1: Hotels and motels 


1 per sleeping unit 


1 per sleeping unit 


None 


1 per sleeping unit 


R-2: Dormitories, fraternity houses, sorority 


1 per 10 


1 per 10 


1 per 100 


1 per 8 


houses, boarding houses 


R-2: Apartments 


1 per dwelling unit 


1 per dwelling unit 


None 


1 per dwelling unit 


R-3: Congregate living facilities with 16 or fewer 


1 per 10 


1 per 10 


1 per 100 


1 per 8 


persons 


R-3: One- and two-family dwellings 


1 per dwelling unit 


1 per dwelling unit 


None 


1 per dwelling unit 


R-4: Residential care, assisted living facilities 


1 per 10 


1 per 10 


1 per 100 


1 per 8 


S: Storage (not including parking) 


1 per 100 


1 per 100 


1 per 1000 


Emergency showers 
and eyewash stations 
may be required 



This table was compiled from information contained in the International Building Code 2009. It does not represent an official interpretation 
by the organization that issues this code. 
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Minimum Plumbing 
Fixture Requirements in 
the National Building Code 
of Canada 

Consult the table on the facing page 
to determine the minimum num- 
ber of plumbing fixtures required 
by the National Building Code of 
Canada, based on the Occupancy 
classification and number of occu- 
pants served. See pages 13-17 for 
more information on determining 
Occupancy classifications for your 
building and page 297 for deter- 
mining the occupant load. 

In determining fixture require- 
ments, the following should also be 
considered: 

■ Fixture requirements should be 
based on the assumption of equal 
numbers of male and female occu- 
pants, unless an unequal distribu- 
tion of the sexes in the occupant 
population can be demonstrated 
with reasonable accuracy. 

■ Under most circumstances, sep- 
arate toilet facilities are required 
for each sex. Separate facilities 
are not required for the follow- 
er ing Occupancies with an occupant 
load of 10 or less: Assembly, B-3 

Care, Residential, Business and 



Personal Services, Mercantile, and 
Industrial. 

■ For male toilet facilities, urinals 
may be substituted for up to two- 
thirds of the required water closets. 

■ For Business and Personal Service 
Occupancies with a floor area of 
more than 600 m^ (6460 sq ft), toilet 
facilities must be available to the 
public. 

Accessible Toilet Facilities 
in the National Building 
Code of Canada 

Most buildings must provide at 
least one accessible, barrier-free 
washroom. All washrooms on floors 
requiring barrier-free access must 
themselves be barrier-free, except 
that barrier-free washrooms are not 
required: 

■ Within a B-3 Care or C Residential 
Occupancy suite 

■ Where other barrier-free facili- 
ties are located on the same floor 
area and within a path of travel of 
45 m (148 ft) 

■ Within D Business and Personal 
Services, E Mercantile, and F 
Industrial Occupancies, individual 
suites less than 500 m^ (5380 sq ft) 



in area that are completely sepa- 
rated from the rest of the building 

Where showers are provided, at 
least one barrier-free stall must be 
provided, except in B-3 Care and 
C Residential Occupancy suites. 
Where drinking fountains are pro- 
vided, at least one barrier-free 
fountain must be provided. 

Special barrier-free, single-fix- 
ture, unisex universal toilet rooms 
may be provided as an alternative 
to providing barrier-free facilities 
within single-sex facilities. When 
universal toilet rooms are provided, 
the occupant load used to calcu- 
late fixture requirements for the 
general public may be reduced by 
10 persons in Assembly, Business 
and Personal Services, Mercantile, 
or Industrial Occupancies, as well 
as in primary schools, day care 
facilities, places of worship, and 
undertaking premises. If only one 
universal toilet room is provided, 
the water closet in that room gener- 
ally may not be counted toward the 
water closet requirements of the 
building. 
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Number of Occupants 


Number of Water 




Occupancy 


of Each Sex 


Closets for Each Sex 


Number of Lavatories 


A: Assembly 








Assembly spaces, except 


1-25 


Male: 1 ; Female: 1 


At least 1 , and not less 


those listed below 


26-50 


Male: 1; Female: 3 


than 1 per every 2 
water closets 




51-75 


Male: 2; Female: 3 






76-100 


Male: 2; Female: 4 






101-125 


Male: 3; Female: 5 






126-150 


Male: 3; Female: 6 






151-175 


Male: 4; Female: 7 






176-200 


Male: 4; Female: 8 






201-250 


Male: 5; Female: 9 






251-300 


Male: 5; Female: 10 






301-350 


Male: 6; Female: 1 1 






351-400 


Male: 6; Female: 12 






Over 400 


Male: 7 plus 1 for each 








additional increment of 200 
occupants over 400 








Female: 13 plus 1 for each 








additional increment of 100 
occupants over 400 




Primary schools and day 


Any number 


Male: 1 per 30 


Same as above 


care centers 




Female: 1 per 25 




Places of worship, 


Any number 


1 per 150 


Same as above 


undertaking premises 








B: Care and Detention 








B-1, B-2: Detention, medical 


Any number 


Based on the specific needs of 


Same as above 


treatment facilities 




the occupants, determined on 
a case-by-case basis 




B-3: Care facilities 


Any number 


1 per 10 


Same as above 


C: Residential 








Except dwelling units 


Any number 


1 per 10 


Same as above 


Dwelling units 


Tiny number 


1 per unit 


Same as above 


D; Business and Personal 


1-25 


1 for each sex 


Same as above 


Services 


25-50 


2 for each sex 






Over 50 


3 plus 1 for each additional 








increment of 50 occupants 
over 50 




E: Mercantile 


Any number 


Male: 1 per 300 
Female: 1 per 150 


Same as above 


F: Industrial 


1-10 


1 


Same as above 




11-25 


2 






26-50 


3 






51-75 


4 






76-100 


5 






Over 100 


6 plus 1 for each additional incre- 








ment of 30 occupants over 100 
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This table was compiled from information contained in the National Building Code of Canada 2010. It does not represent an official interpreta- 
tion by the organization that issues this code. 
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STANDPIPES 

A standpipe is a large-diameter 
steel water pipe extending vertical- 
ly through a building, with fire hose 
connections at every floor. There are 
three basic types: A wet standpipe 
is continuously filled with water. 
A dry standpipe normally contains 
no water. In the case of a building 
fire, water may be supplied to it 
automatically, by a fire control sys- 
tem, or manually, by connecting fire 
department pumper trucks to con- 
nections on the front of the building 
at street level. A combination stand- 
pipe, normally wet, supplies water 
to the building's sprinkler system 
as well as to required fire hose con- 
nections. In addition to providing 
connections for hoses carried into 
the building by firefighters, stand- 
pipes may be prefitted with perma- 
nent lighter-duty hoses intended for 
early fire suppression efforts before 
larger hoses arrive. Depending on 
the standpipe type, the minimum 
nominal diameter is 4 to 6 in. (100 
to 150 mm). 

Building code standpipe 
requirements vary with build- 
ing height, area, occupancy, and 
the extent of sprinklers. The 
International Building Code gener- 
ally requires standpipes in build- 
ings with floors more than 30 ft (9.1 
m) above or below the level of fire- 
fighter access and includes special 
requirements for assembly spaces, 
covered malls, underground build- 
ings, parking garages, and other 
unique occupancy conditions. The 
National Building Code of Canada 
requires standpipes in buildings 
with more than three stories, with 
top story ceilings more than 14 m 
(46 ft) above grade, and in shorter 
buildings in which certain occu- 
pancies exceed 1000 m^ (10,800 sq 
ft) or more in area per floor. See the 
appropriate code for more details. 

Where standpipes are required, 
they must be provided in every exit 
enclosure. Where remote portions 




of a story are located more than 
150 to 200 ft (45 to 60 m) from the 
nearest standpipe connection in 
an exit, additional standpipes may 
be required to improve coverage. 
Hose connections to the standpipe 
may be located on stair landings 
between floors, such that each con- 
nection can serve two levels. 

Where floor levels are not 
sprinklered, additional hose sta- 
tions, cabinets with prefitted hoses, 
may also be required, dispersed so 
as to provide full coverage of the 
floor area. Portable fire extinguish- 
ers are often incorporated into 
these cabinets. A typical recessed 
wall cabinet for a wet standpipe 
hose and a fire extinguisher is 2 ft 
9 in. (840 mm) wide, 9 in. (230 mm) 
deep, and 2 ft 9 in. (840 mm) high. 

Building fire sprinklers may be 
served by wet standpipes dedi- 
cated solely to the sprinkler system 




or combination standpipes. From 
the standpipe, horizontal piping 
branches at each floor and, if it is 
concealed, runs just above the fin- 
ish ceiling. An assembly of valves 
and alarm fittings is furnished at 
the point where the sprinkler sys- 
tem joins the domestic water sys- 
tem, usually in the same room with 
the domestic water pumps. 

In the case of a significant 
building fire, the building's water 
supply may become overwhelmed 
and unable to provide sufficient 
water to both sprinklers and stand- 
pipes for fire hoses. To prevent 
this, the water supply to these sys- 
tems is augmented by firefighter 
pumper trucks drawing water from 
nearby fire hydrants and deliver- 
ing it to standpipe connections, 
either Y-shaped Siamese connec- 
tions on the outside of the building 
or smaller interior floor outlets. 




SIAMESE CONNECTION 
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DESIGNING ELEVATORS 
AND ELEVATOR LOBBIES 

The tables to the right can be used to 
arrive at an approximate number of 
elevators and appropriate sizes for 
the cars. In very tall buildings, the 
number of shafts can be reduced by 
as much as one-third with schemes 
of express and local elevators or 
advanced control systems. 

Walking distance from the ele- 
vator lobby to any room should not 
exceed 150 ft (45 m). In many build- 
ings, elevators also must be sized to 
comply with building code require- 
ments for accommodating persons 
with disabilities or emergency aid 
personnel with medical stretchers. 
For more information, see page 
282 for the International Building 
Code and page 286 for the National 
Building Code of Canada. 

Laying Out Banks of 
Elevators 

Elevators serving the same zone of 
the building should be arranged 
in a single bank so that waiting 
persons can keep all the doors in 
sight at one time. A bank of three in 
a row is the largest that is desirable; 
four in a row is acceptable. Banks of 
elevators serving different zones of 
the building may open on opposite 
walls of the same elevator lobby or 
onto separate lobbies. The mini- 
mum width of an elevator lobby 
serving a single bank of elevators 
is 8 ft (2.45 m); for a lobby with 
banks of elevators on both sides, 
the minimum width is 10 ft (3 m). 

Building codes in some circum- 
stances require elevator lobbies 
to be separated from surround- 
ing floor areas to reduce the risk 
of smoke or fire spreading easily 
through the elevator shaft to adja- 
cent floors. In the International 
Building Code, elevators serving 
more than three stories must gen- 
erally be provided with protected 
lobbies. Some exceptions to this 
requirements include elevators in 



APPROXIMATE NUMBERS OF ELEVATOR SHAFTS 

Use Number of Shafts Capacity of Elevator 

Apartment 1 per 75 units, plus 2000 to 2500 lb 

Buildings 1 service elevator for 300 (900 to 1140 kg) 

units or more in a 
high-rise building 

Hotels 1 per 75 rooms, plus 2500 to 3000 lb 

1 service elevator for (1 140 kg to 1360 kg) 

up to 1 00 rooms and 
1 service elevator for each 
additional 200 rooms 

Office 1 per 35,000 sq ft (3250 m^) 2500 to 3500 lb 

Buildings of area served, plus (1360 to 1590 kg) 

1 service elevator per 
265,000 sq ft (24,600 m^) 
of area served 



ELEVATOR DIMENSIONS 



Use 


Capacity 


Inside Car 
Dimensions 


Inside Shaft 
Dimensions 
(width X depth) 


Apartments, 


2000 lb 


5’-8" X 4'-3" 


6'-7" X 7'-4" 


Hotels, Office 


(900 kg) 


(1727 X 1295 mm) 


(2006 X 2235 mm) 


Buildings, 


2500 lb 


6'-8" X 4'-3" 


8'-4" X 6'-8" 


Stores 


(1140 kg) 


(2032 X 1295 mm) 


(2540 X 2032 mm) 


Office 


3000 lb 


6'-8" X 4'-9" 


8'-4" X 7'-5" 


Buildings, Hotels, 
Stores 


(1360 kg) 


(2032 X 1448 mm) 


(2540 X 2261 mm) 


Office 


3500 lb 


6'-8" X 5'-5" 


8'-4" X 8'-l" 


Buildings, 

Stores 


(1590 kg) 


(2032 X 1651 mm) 


(2540 X 2464 mm) 


Hospitals, 


6000 lb 


5’-9" X lO’-O" 


8'-2" X ll'-9" 


Nursing Homes 


(2730 kg) 


(1750 X 3050 mm) 


(2490 X 3580 mm) 


Freight, 


4000 to 6000 lb 


8'-4" X lO'-O" 


lO'-lO" X 10'-8" 


Service 


(1820 to 2730 kg) 


(2540 X 3050 mm) 


(3300 X 3250 mm) 



pressurized shafts, in most occu- 
pancies (other than 1-2 or 1-3) in 
buildings that are fully sprinklered 
and not considered high-rise (see 
page 29 1), or on ground floors when 
that floor level is sprinklered. In the 
National Building Code of Canada, 
except where elevators are with- 
in permitted interconnected floor 
space (see page 373), they must be 
separated from adjacent floor areas. 

Elevator shafts are noisy and 
should not be located next to acous- 
tically sensitive spaces — for exam- 
ple, sleeping or dwelling units in 
hotels and residential buildings. 



Elevator cars ordinarily have 
doors on one side only. Cars with 
doors on opposing sides are avail- 
able but necessitate a shaft that is 
slightly wider than normal to allow 
the counterweights to be placed 
next to the side of the car. 

Freight and service elevators 
should open to separate service 
rooms or workrooms. Mailrooms, 
receiving rooms, and maintenance 
and housekeeping facilities should 
relate closely to service elevators. 

See the following page for 
information on elevator types, pent- 
houses, pits, and machine rooms. 
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ELEVATOR TYPES, 
PENTHOUSES, PITS, 

AND MACHINE ROOMS 

The choice of elevator type is 
based on the height and number of 
floors served. For travel up to five 
floors and 40 to 60 ft (12 to 18 m), 
hydraulic elevators are usually the 
most economical. With this type, a 
hydraulic piston is located either 
in a drilled well at the bottom of 
the shaft or within the shaft itself. 
A machine room approximately 45 
sq ft (4.2 m^) in area is required, 
connected to the elevator shaft by 
hydraulic lines and electrical con- 
trol wiring. Its preferred location is 
adjacent to the elevator shaft on the 
lowest level served by the eleva- 
tor. However, the machine room 
is also noisy and should not be 
located close to acoustically sensi- 
tive areas. When necessary, it may 
be located on other levels or at a 
greater distance from the shaft. The 
inside top of the elevator shaft itself 
must extend 13-14 ft (3.9-4.25 m) 
above the uppermost finish floor 
level served; frequently this results 
in the shaft construction projecting 
at least several feet above adjacent 
roof areas. When referring to the 
Elevator Dimensions table on the 
previous page, inside shaft dimen- 
sions should be increased by 6 in. 
(150 mm) in width and reduced by 
12 in. (300 mm) in depth from those 
listed to account for differences in 
the lifting machinery of this eleva- 
tor type. 

At greater heights, electric 
traction elevators are required. In 
its most common form, this type of 
elevator has its hoisting machinery 
located in a penthouse machine 
room above the top of the elevator 
shaft. This room's inside dimen- 
sions must be approximately 9 ft 
(2.7 m) high, as wide as the shaft 
itself, and 16-18 ft (5-5.5 m) long. 
It is located exactly over the top 
of the elevator shaft, extending 
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beyond the shaft on the side above 
the elevator doors. Below the eleva- 
tor machine room, the inside top of 
the elevator shaft itself must extend 
from 15 to 20 ft (4.5 to 6. 1 m) above 
the uppermost finish floor level 
served. For this reason, the pent- 
house must frequently be raised 
above the adjacent roof surface, 
making it a significant presence on 
the building rooftop. 

Another option for serving 
vertical distances up to 300 ft (90 
m) is an electric traction eleva- 
tor using relatively new, compact 
gearless hoisting machinery. With 
this type, the smaller hoisting 
motor is located within the eleva- 
tor shaft itself. Sometimes referred 
to as machine room-less, these 
elevators are available in capaci- 
ties of up to 4000 lb (1800 kg) 
for passenger service and 5000 
lb (2300 kg) for hospital service 
or freight. For preliminary inside 
shaft dimensions, use the sizes 
listed in the Elevator Dimensions 
table on page 201. Machine room- 
less elevators require separate 
control rooms or closets. A space 



as little as 5 ft (1.5 m) deep direct- 
ly adjacent to the elevator shaft 
may be sufficient for some sys- 
tems. Or a room 25 to 90 sq ft 
(2.5 to 8 m^) in area, depend- 
ing on the number and capac- 
ity of elevators in operation, may 
be required. Most commonly, this 
closet or room is located adjacent 
to the elevator shaft, near its top. 
However, in some cases, it may be 
possible to locate this space as far 
as 100 ft (30 m) from the shaft. The 
minimum height required from the 
uppermost floor level served to 
the inside top of the shaft var- 
ies considerably among the avail- 
able configurations; consult manu- 
facturers' technical literature for 
more information. Machine room- 
less elevators are quieter than 
alternative types and consume 
significantly less electrical power. 

Every elevator shaft must ter- 
minate with a pit at the bottom. 
For electric traction elevators, the 
inside depth of the pit below the 
lowest floor level served varies 
from approximately 5 to 13 ft (1.5 
to 4 m), depending on the speed 



and capacity of the elevator — the 
bigger and faster the elevator, the 
deeper the pit. Hydraulic elevators 
normally require a pit 4 ft (1.2 m) 
deep. 



ESCALATORS 

Escalators are useful in situations 
where large numbers of people 
wish to circulate among a small 
number of floors on a more or 
less continual basis. An escalator 
cannot be counted as a means of 
egress. The structural and mechan- 
ical necessities of an escalator are 
contained in the integral box that 
lies beneath the moving stairway. 
Structural support is required only 
at the two ends of the unit. Some 
basic dimensional information on 
escalators is tabulated below. 



32" 


' Escalator 


48" Escalator 


A 


3'-9" 


5'-l" 




(1 145 mm) 


(1550 mm) 


B 


3'-7" 


4'-ll" 




(1090 mm) 


(1500 mm) 
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A CHECKLIST OF CORE COMPONENTS 

The following is an alphabetical listing of components 
that are often incorporated into the cores of a building. 
For more information on any component, follow the 
accompanying page reference. 

Chimneys (page 180) 

Drinking fountains and water 
coolers (pages 196-197) 

Electrical closets (page 193) 

Elevators (pages 201-203) 

Dumbwaiters and vertical conveyors 
Elevator lobbies 

Freight elevators and freight rooms 

Passenger elevators 

Service elevators and service lobbies 

Escalators (page 203) 

Fan rooms (pages 185-186) 

Fire hose and fire extinguishers 
cabinets (page 200) 

Janitor closets (page 195) 

Kitchens 

Mail facilities (page 194) 

Mail chutes 
Mail conveyors 
Mailrooms 

Plumbing walls (including waste and vent pipes) 
(page 195) 

Refuse facilities (page 188) 

Refuse chute 
Refuse room 

Shafts (pages 190-195) 

Domestic water piping: 

Chilled drinking water supply and return 
piping 

Domestic cold water supply and return piping 
Domestic hot water supply and return piping 
Liquid soap supply piping to toilet rooms 
Supply riser to rooftop gravity tank 
Electrical and communications shafts: 

Electrical wires or bus bars 

First communications wiring: Alarms, 
smoke and heat detectors, firefighter 
communications 



Telephone, telex, local area networks, cable 
television, community antenna, etc. 

Heating and cooling shafts: 

Control wiring 
Ducts (page 212) 

Exhaust ducts from toilets, baths, janitor 
closets, shower rooms, locker rooms, 
storage rooms, kitchens, corridors, 
fume hoods, laboratory areas, work- 
shop areas, industrial processes (page 
184) 

Fire exhaust and pressurization ducts 

Outdoor air and exhaust air ducts to local 
fan rooms 

Supply ducts (page 212) 

Return ducts (page 212) 

Piping 

Air piping for controls 
Chilled water supply and return 
Condenser water supply and return 
between chilled water plant and 
cooling towers 

Fuel oil piping 
Gas piping 

Hot water and/or steam supply and 
return 

Piping, miscellaneous: Compressed air, vacuum, 
deionized water, distilled water, fuel gas, 
medical gases, scientific gases, industrial 
gases 

Piping, plumbing waste and vent (page 195) 
Piping, storm drainage risers from roofs and 
balconies 

Sprinkler riser (page 200) 

Stairways (pages 274-277) 

Standpipes, fire (page 200) 

Structure (pages 21-135) 

Beams and girders, including special support 
around shafts and under heavy equipment 

Bracing 
Columns 
Shear walls 

Telecommunications closets 
(page 193) 

Toilet rooms (pages 195-199) 
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The horizontal distribution sys- 
tem for mechanical and electri- 
cal services in a large building 
should be planned simultaneously 
with the structural frame and the 
interior finish systems, because the 
three are strongly interrelated. The 
floor-to-floor height of a building is 
determined in part by the vertical 
dimension needed at each story 
for horizontal runs of ductwork and 
piping. The selection of finish ceil- 
ing, partition, and floor systems is 
often based in part on their abil- 
ity to contain the necessary elec- 
trical and mechanical services 
and to adjust to future changes in 
these services. All these strategies 
involve close cooperation among 
the architect and the structural and 
mechanical engineers. 



CONNECTING 
HORIZONTAL AND 
VERTICAL DISTRIBUTION 
LINES 

Horizontal mechanical and electri- 
cal lines must be fed by vertical 
lines through smooth, functional 
connections. Plumbing waste lines, 
which must be sloped to drain by 
gravity, have top priority in the 
planning of horizontal service 
lines; if they are confined to vertical 



plumbing walls, they will not inter- 
fere with other services. Sprinkler 
heads, which have the second high- 
est priority in the layout of hori- 
zontal services, are served from 
the fire standpipe by horizontal 
piping that seldom exceeds 4 in. 
(100 mm) in outside diameter. The 
spacing of the heads is coordinated 
with the placement of walls and 
partitions; the maximum coverage 
per head is about 200 sq ft (18.6 
m^) in light-hazard buildings such 
as churches, schools, hospitals, 
office buildings, museums, apart- 
ment houses, hotels, theaters, and 
auditoriums. Coverage in industrial 
and storage buildings ranges from 
130 to 90 sq ft (12.1 to 8.4 m^) per 
head, depending on the substances 
handled in the building. 



Air conditioning ducts, the next 
priority, branch out from a local 
fan room or from vertical ducts in 
supply and return shafts. Return 
ducts are often very short and 
confined to the interior areas of 
the building. Supply ducts extend 
from the main ducts through VAV 
or mixing boxes, then through 
low-velocity secondary ducts to 
air diffusers throughout the occu- 
pied area of the floor, with special 
emphasis on the perimeter, which 
may be on an independent, sepa- 
rately zoned set of ducts. Diffusers 
are generally required at the rate 
of four to seven diffusers per 1000 
sq ft (100 m^). For some typical dif- 
fuser designs, see the illustration 
on page 209. 
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PLAN OF VAV DUCTING 





HORIZONTAL DISTRIBUTION OF SERVICES FOR LARGE BUILDINGS 



GROUPED HORIZONTAL 
DISTRIBUTION 

Sometimes the major runs of duct- 
work, piping, and wiring can be 
grouped in the ceiling area above 
the central corridor of each floor of 
a building, leaving the ceilings of 
the surrounding rooms essentially 
“clean." This works especially well 
in hotels, dormitories, and apart- 
ment buildings that rely on above- 
ceiling all-water or electric equip- 
ment in the area adjacent to the 
corridor for heating, cooling, and 
ventilating. A low corridor ceiling 
is readily accepted in exchange 
for high, unobstructed space in 
the occupied rooms, where the 
structure may be left exposed as 
the finish ceiling, saving cost and 
floor-to-floor height. If the building 
has a two-way flat plate or hollow 
core precast slab floor structure, 
the overall thickness of the ceiling- 
floor structure can be reduced to 
as little as 8 in. (200 mm) . Conduits 
containing wiring for the lighting 
fixtures may be cast into the floor 

slabs or exposed on the surface of 

2 Q 0 the ceilings. Wiring to wall outlets 
is easily accommodated in perma- 
nently located partitions. 



FLOORWIDE 

HORIZONTAL 

DISTRIBUTION 

In broad expanses of floor space, 
particularly where all electrical 
and communications services must 
be available at any point in the 
area, an entire horizontal layer of 
space is reserved on each story for 
mechanical and electrical equip- 
ment. This layer may be beneath 
a raised access floor just above 
the structural floor. It may also lie 
within the structural floor or just 
beneath the floor, above a sus- 
pended ceiling. Sometimes combi- 
nations of these locations are used. 




GROUPED HORIZONTAL DISTRIBUTION 
OVER A CENTRAL CORRIDOR 
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Distribution above a 
Suspended Ceiling 

Above a ceiling, wiring is run in 
conduits or cable trays attached to 
the structure above. Lighting fix- 
tures are served directly from this 
horizontal wiring. Outlets on the 
floor below may be served by elec- 
trified partitions or power poles. 
Outlets on the floor above may be 
fed via poke-through fixtures that 
are cut through the structural floor. 
Poke-through fixtures can be added 
or removed at any time during the 
life of the building; their major dis- 
advantage is that electrical work 
being done for the convenience of 
a tenant on one floor is done at the 
inconvenience of the tenant on the 
floor below. 

Distribution within the 
Structural Floor 

Electrical and communications 
wiring may be embedded in the 
floor slab in conventional conduits. 
For greater flexibility in buildings 
where patterns of use are likely 
to change over time, systems of 
cellular steel decking over steel 
framing, or cellular raceways cast 
into a topping over concrete slabs, 
may be selected. These provide 
a treelike structure: The trunk is 
a wiring trench that runs from the 
electrical closet to the outside wall 
of the building, and the branches 
are the hollow cells that run in the 
perpendicular direction. Electrical 
and communications wires and out- 
lets can be added, removed, or 
changed at any time during the 
life of the building. Cellular steel 
decking can affect the layout of 
the beams and girders in a steel- 
framed building: For optimum dis- 
tribution of wiring, the cells in the 
decking generally run parallel to 
the wall of the core, and for struc- 
tural reasons the cells must run 
perpendicular to the beams. This 
requires close coordination among 
the architect and the electrical and 
structural engineers. 



Distribution above the 
Structural Floor 

A raised access floor system allows 
maximum flexibility in running ser- 
vices because it can accommodate 
piping, ductwork, and wiring with 
equal ease. It is especially useful 
in industrial or office areas where 
large numbers of computers or 
computer terminals are used and 
where frequent wiring changes are 
likely. It is also valuable in retrofit- 
ting old buildings for modern ser- 
vices. Though floors can be raised 
to any desired height above the 
structural deck, heights of 4 to 8 in. 



(100 to 200 mm) are most common. 
Less costly, lower-profile systems, 
ranging from 214 to 3 in. (65 to 75 
mm) in height, are also available. 

Undercarpet flat wiring may 
be used instead of a raised access 
floor in buildings with moderate 
needs for future wiring changes. 
Flat wiring does not increase the 
overall height of the building, as 
raised access floors usually do, 
but it does not offer the unlimited 
capacity and complete freedom of 
wire location of the raised floors. 
Flat wiring is used in both new 
buildings and retrofit work. 




PLAN OF CELLULAR STEEL DECKING 



Electrical closet 
Wiring trench 

Cells for wiring 




STEEL FRAMING PLAN FOR CELLULAR 
STEEL DECiaNG 
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DESIGNING THE 
CEILING/FLOOR 
PLENUM SPACE 

Ductwork, which is often too large 
and bulky to fit above or with- 
in the structural floor, is ordinar- 
ily best located above the ceiling. 
There, it must share the above- 
ceiling plenum space with struc- 
tural members and other systems. 
This requires careful planning. 
Generally, the lowest stratum, about 
8 in. (200 mm) thick, is reserved for 
the sprinkler piping and lighting 
fixtures. Lighting fixture selection 
plays an important role in deter- 
mining the thickness of this stra- 
tum, because some types of light- 
ing fixtures require more space 
than others. The ducts, which are 
usually 8 to 10 in. (200 to 250 mm) 
deep, run between this layer and 
the beams and girders. Adding 
about 2 in. (50 mm) for the thick- 
ness of a suspended ceiling, we 
see that a minimum height of about 
18 in. (460 mm), and preferably 20 
in. (500 mm), must be added to the 

thickness of the floor structure and 

2 Qg fireproofing in a typical building to 
allow for mechanical and electri- 
cal services. A larger dimension is 
often called for, depending on the 
requirements of the combination of 
systems that is chosen. 

As an example, let us assume 
that a steel-framed building has 
a maximum girder depth of 27 in. 
(690 mm) and a 4-in. (100-mm) 
floor slab, for a total floor struc- 
ture height of 31 in. (790 mm). 
Adding 20 in. (510 mm) for ceiling 
and services, we arrive at an over- 
all ceiling-to-floor height of 51 in. 



(1300 mm) that must be added to 
the desired room height to give the 
floor-to-floor height of the build- 
ing. If fireproofing must be added 
to the girders, this dimension will 
increase by a couple of inches (50 
mm or so). 

There is tremendous economic 
pressure to reduce this height to a 
practical minimum in a tall build- 
ing. A few inches saved per floor 
adds up to significant savings in 
the cost of the structure, core com- 
ponents, and cladding. Sometimes 
it is possible to arrange the fram- 
ing so that ductwork never passes 
beneath a girder. If the ductwork 
must cross the girders, the design- 
ers should explore such options as 
shallower ducts, running the ducts 
through holes cut in the webs of 
the girders, or reducing the depth 
of the girders by using a heavier 
steel shape. In the average tall 
office building, the height of the 



ceiling/floor assembly is about 46 
in. (1170 mm). 

In some medical, research, and 
industrial buildings, the underfloor 
services are unusually complex, 
bulky, and subject to change. In 
these cases, the layer above the 
ceiling and below the floor structure 
is expanded to a height that allows 
workers to walk freely in it, and the 
ceiling is strengthened into a struc- 
ture that can support their weight. 
Such an interstitial ceiling allows 
workers to maintain and change 
the services without disrupting the 
occupied spaces above or below. 

With all its service penetra- 
tions — lighting fixtures, air diffus- 
ers and grilles, sprinkler heads, 
smoke detectors, intercom speak- 
ers — a ceiling can take on a visu- 
ally chaotic appearance. It is advis- 
able to compose the relationships 
of these penetrations carefully on a 
reflected ceiling plan. 
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GRILLES 




WALL REGISTERS 



WALL RETURN 
GRILLES 




FLOOR REGISTERS 



FLOOR RETURN 
GRILLE 



EXPOSED VERSUS 
CONCEALED SERVICES 

In many buildings, the designer 
has a choice between exposing 
the mechanical and electrical ser- 
vices and concealing them above 
a suspended ceiling. Exposed ser- 
vices are the rule in warehouses 
and industrial buildings. In other 
types of buildings, exposed pipes 
and ducts can have an attractive 
sculptural complexity. They are 
easy to reach for maintenance 
and revision. They make sense in 
many large, open buildings (ath- 
letic arenas, exhibition halls), as 
well as in certain other kinds of 
buildings in which full-height par- 
titions are not often changed and 
a frank, functional appearance is 
appropriate (schools, art galleries, 
pubs and restaurants, avant-garde 
stores). There are some disadvan- 
tages: Exposed services that must 
look good are more expensive to 
design and install. If they are paint- 
ed, this cost must be added. They 
also need to be cleaned from time 
to time. Although exposed services 
are readily accessible for changes, 

such changes must be made with 

care. For these reasons, it is usually 
cheaper to install a suspended ceil- 
ing than to omit one. 
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TYPICAL GRILLE AND DIFFUSER DESIGNS 







Floor area served 



SIZING SPACES FOR MAJOR HEATING AND COOLING EQUIPMENT 
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AN EXAMPLE OF THE USE 
OF THESE CHARTS 

The Problem: Rough out the nec- 
essary spaces for VAV heating and 
cooling equipment for a depart- 
ment store with a total net floor 
area of 150,000 sq ft. 

The Solution: Beginning with the 
chart on this page, we read horizon- 
tally from a floor area of 150,000 sq 
ft to the center of the diagonal band 
for Mercantile occupancies. (Notice 
that both the vertical and horizontal 
scales for this chart are logarith- 
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Cooling capacity in tons (Mcal/sec) 



50,000 Total space for boiler room and 

(5000) chilled water plant in ft^ (m^) 



ho 1 1 







(100) 



10,000 

(WOO) 



Scale from which to read 
dimensions of single-packaged units 



Space for cooling towers in (m^) 



Typical dimensions of single- 
packaged units in feet and inches (m) 



10'- 10" 


i7'-r 


20'-6" 


25'-0" 


25'-0" 


36'-3" 


39'-8" 


Length 


(3.30) 


(5.21) 


(6.25) 


(7.62) 


(7.62) 


(11.05) 


(11.96) 








■ 








— 


r-3" 

(2.21) 


T-3" 

(2.21) 


T-3" 

(2.21) 


T-3" 

(2.21) 


T-3" 

(2.21) 


T-8" 

(2.34) 


T-8" 

(2.34) 


Width 


4'-ll" 

(l.SO) 


4'-U" 

(l.SO) 


4' -11" 
(I.SQ) 


■ 

4'-ll" 

(l.SO) 


4'- 11" 
(1.50) 


T-9" 

(2.36) 


T-9" 

(2.36) 


Height 





SIZING SPACES FOR MAJOR HEATING AND COOLING EQUIPMENT 



mic; 150,000 lies much closer to 
200,000 than to 100,000.) Reading 
down, we find that the required 
cooling capacity for this building is 
approximately 450 tons, requiring 
a chilled water plant and a boiler 
room that together will occupy an 
area of approximately 3200 sq ft. 
Cooling towers will occupy about 
560 sq ft on the roof or along- 
side the building. The width of the 
diagonal band from which we have 
read gives us a range of 400 to 520 
tons for the cooling requirement, so 
we know that these space require- 
ments may grow somewhat smaller 



or larger as the system is designed 
in detail. 

These values assume a cen- 
tral plant for heating and cooling. 
Could rooftop single-packaged 
units be used instead? We see at 
the bottom of the chart that no sin- 
gle-packaged unit is large enough 
to handle the entire load. Starting 
from the largest available pack- 
aged unit and reading up, we inter- 
sect the diagonal band and read to 
the left to find that the unit could 
serve about 33,000 sq ft of this 
building. Five such units could be 
distributed about the roof to furnish 



heating and air conditioning for the 
entire building, each serving about 
30,000 sq ft. Each unit would need 
a capacity of about 90 tons and 
would measure 39 ft 3 in. long, 7 ft 8 
in. wide, and 7 ft 9 in. high. A larger 
number of smaller units could also 
be used. 

For more detailed information 
on boiler rooms, see page 180. 
Chilled water plants and cooling 
towers are explained on page 181 
and single-packaged units on page 
186. 

Move to the following page to 
continue this example. 
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Floor area served 



SIZING SPACES FOR AIR HANDLING 



(Example continued from the pre- 
vious page.) Using the chart on 
this page, we can determine 
the approximate sizes of the air 
handling components of the two 
choices developed on the pre- 
ceding pages. The central sys- 
tem would move an air volume 















SIZING SPACES FOR AIR HANDLING 



about 200 sq ft total. If the branch 
supply ducts were 2 ft deep, for 
example, their aggregate width 
would be about 100 ft. Similar 
areas of return ducting would also 
be needed. Reading from the last 
three scales, we further determine 
that fan rooms totaling about 5200 
sq ft are needed, served by fresh 
air louvers adding up to about 500 
sq ft in area and exhaust air lou- 
vers totaling nearly 400 sq ft. The 
location and distribution of this 



louver area on the outside surfac- 
es of the building are of obvious 
architectural importance. 

Each of the rooftop single- 
packaged units would need about 
21 sq ft of main duct for supply air 
and the same for return, with a total 
area of 35 sq ft for branch ducts. 
Fans and louvers are incorporated 
into the units and do not need to be 
provided separately. 

For further information on fan 
rooms and louvers, see page 185. 
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PASSIVE 

HEATING 

AND 

COOLING 

SYSTEMS 



This chapter will help you select and design 
passive heating and cooling systems for small 
and medium-sized buildings appropriate to 
your project’s climate zone and building type. 



Passive Heating and Cooling Design 217 
Selecting Passive Heating and Cooling Systems 219 

Passive Solar Heating 222 

Natural Ventilation Cooling 225 

Thermal Mass Cooling 228 

Evaporative Cooling 231 
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PASSIVE HEATING AND COOLING DESIGN 



i assive heating and cooling rely 
on natural systems to maintain a 
comfortable interior environment 
for building occupants. Solar radia- 
tion may be used as a source of heat 
for warmth. Naturally driven air 
currents can cool bodies directly or 
transport volumes of air at different 
temperatures into or out of a build- 
ing. The thermal capacity of build- 
ing materials can be exploited to 
reduce temperature extremes or 
capture thermal energy for later 
reuse. The evaporation of water can 
be used to cool and humidify hot, 
dry air. 

By reducing reliance on active 
systems powered by fossil fuels or 
electricity, passive systems reduce 
building energy consumption and 
the production of greenhouse gas- 
ses. They rely on a minimum num- 
ber of moving parts and are simple 
to maintain. They can also provide 
building occupants with the plea- 
sure of a closer connection to the 
natural environment. 

Passive heating and cooling 
strategies are best suited to small 
and medium-sized buildings and, 
in particular, those in which build- 
ing form, orientation, and interior 
configuration can be molded to 
the requirements of these systems, 
as explained in more detail on the 
following pages. Large buildings, 
especially those with a high ratio 
of interior volume to exterior wall 
and roof area, are generally better 
suited to conventional mechanical- 



ly driven heating and cooling sys- 
tems. Conventional active systems 
are also generally a better choice 
where: 

■ Precise control over air tempera- 
ture or humidity is required 

■ Air quality must be strictly con- 
trolled 

■ Interior spaces must be acous- 
tically and visually isolated from 
each other and from their sur- 
roundings 

■ Heating or cooling loads are high 
or highly variable 

PASSIVE DESIGN 
STRATEGIES 

On the following pages, you will 
find preliminary guidelines for 
selecting and designing passive 
heating and cooling systems suit- 
able to various building types and 
climates. For any passive design, 
consider the simple strategies list- 
ed below so as to take maximum 
advantage of the natural environ- 
ment and minimize building energy 
consumption. 

Cold Climates 

Protect against the cold winter 
winds: 

■ Avoidhilltops, north-facing slopes, 
narrow valley bottoms, and other 
locations exposed to concentrated 
or fast-moving winds. 

■ Identify the direction of prevailing 



winter winds and take advantage 
of topography, planted barriers, 
or other natural or human-made 
features to shelter your building. 

■ Avoid large north-facing or 
windward-facing glass areas. 

■ Shape your building to shelter 
outdoor public spaces from winter 
winds. 

Take advantage of the winter sun: 

■ Site and orient your building for 
good access to the winter sun. (See 
page 148 for more information.) 

■ Configure glazed openings to 
maximize the potential for winter 
solar heat gain. 

■ Use glazing with appropriate 
light transmittance and thermal 
performance characteristics. 

■ Use building materials with high 
heat capacity to store the sun’s 
warmth during the day and release 
it back into the interior during 
cooler nights. 

Minimize heat loss through the 
building enclosure: 

■ Consider compact building forms 
that reduce the area of the building 217 
enclosure in relation to its volume. 

■ Arrange secondary-use spaces 
(utility rooms, etc.) within the build- 
ing to act as buffers to its colder 
north-facing or windward sides. 

■ Design and detail the building 
enclosure to minimize heat loss and 
uncontrolled air leakage. 
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PASSIVE HEATING AND COOLING DESIGN 



Hot Climates 

Exploit the prevailing summer 
winds: 

■ Site and orient the building to 
take advantage of natural ventila- 
tion. (See pages 225-227 for more 
information.) 

■ Use amply sized, well-placed 
exterior openings and open interior 
plans to promote natural ventilation 
within the building. 

Protect against the summer sun: 

■ Use trees and other vegetation to 
shelter the building from the sum- 
mer sun. 

■ Design building overhangs and 
exterior shades to block the entry 
of the summer sun. 

■ Avoid overexposure to low early- 
and late-day sun. 

■ Avoid unshaded large east- and 
west-facing glazed areas. 



■ Use glazing materials with appro- 
priate shading and thermal perfor- 
mance characteristics. 

■ Use exterior light-colored or re- 
flective materials with care to avoid 
reflecting glare or heat into the 
building. 

■ Use building forms or groupings 
to create strategically shaded exte- 
rior public areas. 

Reduce internal building heat loads: 

■ Use high-efficiency lighting and 
equipment that minimize heat pro- 
duction. 

■ Use natural daylighting to re- 
duce the demand for light from 
electric sources. (See pages 139- 
155 for more information.) 

■ In buildings dominated by heat 
transfer through the building skin, 
design and detail the building en- 
closure to minimize heat gains and 
uncontrolled air leakage. 



Mitigate very dry or very humid air: 

■ In dry climates, take advantage of 
natural or human-made water fea- 
tures to raise the relative humidity. 

■ In humid climates, consider rais- 
ing the building to avoid the most 
humid air close to the ground. 

■ In humid climates, avoid increas- 
ing humidity with water features or 
extensive vegetated areas. 

The successful performance of 
passive systems is dependent 
on the intimate interaction of the 
building with its environment. As 
your design work progresses, be 
sure to study further and analyze 
in greater detail the preliminary 
designs arrived at with the aid of 
this book. 
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SELECTING PASSIVE HEATING AND COOLING SYSTEMS 



1 he choice of suitable passive 
heating and cooling systems 
depends on the climate in which 
the building is located. Extremes 
of temperature and humidity 
define the conditions under which 
a building must remain comfort- 
able to its occupants. Climatic con- 
ditions also define the resources 
available to the passive systems 
designer. For example, in a hot, 
dry climate with large tempera- 
ture swings from day to night, cool 
nighttime air can be circulated 
through the building to extract 
heat generated during the day. Or, 
in a hot location with reliable pre- 
vailing winds, comfortable inte- 
rior conditions may be maintained 



with cross ventilation through the 
building during daytime work 
hours. 

The Climate Zones map on 
this page identifies major climate 
regions in the continental United 
States and other parts of North 
America. Note how the 48-state 
region is generally divided into 
humidity zones from west to east — 
Marine, Dry, and Humid — and 
temperature zones from north to 
south — Cold, Mixed, and Hot. Use 
this map to identify the climate 
zone in which your building is 
located. 

Next, use the table labeled 
Passive Heating and Cooling 
Systems to identify strategies best 



suited to your project’s climate. 
In cold climates, passive heating 
should be the primary design 
consideration, and in hot climates, 
passive cooling. Systems meeting 
these criteria are marked as Most 
Suitable in the table. For example, 
in a cold-dry climate, winter heat- 
ing should be the primary concern, 
and solar heating is indicated. In 
hot climates, appropriate cooling 
strategies are identified this same 
way, and in mixed-temperature cli- 
mates, both appropriate heating 
and cooling strategies are indi- 
cated. To learn more about these 
systems, see the pages referenced 
in the table. 




CLIMATE ZONES 



G SYSTEMS 
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Other systems are marked as 
Suitability Varies.These may be con- 
sidered for off-peak season condi- 
tioning, such as summer cooling in 
a primarily cold climate or winter 
heating in a primarily hot climate. 



In some cases, the appropriateness 
of these systems may also depend 
on more detailed climate specifics. 
See the chart below and the follow- 
ing pages. 
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CLIMATE ZONE 


HEATING 


COOLING 


pages 

222-224 


pages 

225-227 


pages 

225-227 


pages 

228-230 


pages 

228-230 


pages 

231-232 


Solar Heating 


Cross 

Ventilation 


stack 

Ventilation 


Thermal Mass 


Thermal Mass 
with Nighttime 
Ventilation 


Evaporative 

Cooling 


Cold-Humid 


• 


O 


O 








Cold-Dry 


• 


O 


O 


O 




O 


Mixed-Humid 


• 


• 


• 








Mixed-Dry 


• 


• 


• 


• 


O 


O 


Mixed-Marine 


• 


• 


• 


o 






Hot-Humid 


O 


• 


• 








Hot-Dry 


O 


• 


• 


• 


• 


• 


Warm-Marine 


o 


• 


• 


o 







• Most suitable 
O Suitability varies (see text) 
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PASSIVE SOLAR HEATING 



Description 

The interior space of the building 
acts as a solar collector, receiv- 
ing sunlight directly through large 
south-facing windows and storing 
excess heat in thermal mass mate- 
rials such as concrete, masonry, 
adobe, rammed earth, water, or 
phase-change salts. During sunless 
periods, a comfortable tempera- 
ture is maintained as stored heat 
is released back into the space. 
Roof overhangs or exterior shading 
devices are configured to block out 
high summer sun when heat gain 
is not desirable. In colder climates, 
insulating shutters or curtains and 
high-performance glazing materi- 
als should be used to reduce heat 
losses through the large glass areas 
during cloudy days and nights. 

Typical Applications 

Passive solar heating is suitable 
for small buildings in which heat 
loss through the building skin is 
the predominant winter design 
condition. This includes dwellings, 
schools, offices, and other low-rise 
buildings not dominated by inter- 
222 nal heat gains. 

Advantages 

Passive solar heating has no opera- 
tional costs, consumes no energy, 
requires little or no maintenance, 
and can be aesthetically satisfying. 

Disadvantages 

Except in mild climates, a backup 
heating system must be provided 
to heat the building during long 
sunless periods. Relatively large 
swings in interior temperature must 
be expected. Building occupants 
may be required to perform daily 
control duties such as opening and 
closing insulating shutters or cur- 
tains. The architecture of solar-heat- 
ed buildings is strongly influenced 
by the need to orient and config- 



Summer sun 




Summer sun 




ATTACHED SUNSPACE PASSIVE SOLAR HEATING 



ure the building for optimum solar 
collection. Where floors, walls, or 
ceilings are used as thermal mass, 
these surfaces must not be cov- 
ered with carpets, wall hangings, 
or other materials that thermally 
uncouple the mass from the interior. 
Cooling and humidity control must 
be accomplished with separate sys- 
tems. 

Variations 

1. In direct gain solar heating, 
sunlight enters south-facing win- 
dows, warming the interior direct- 



ly. Thermal mass materials are 
located within the heated spaces. 
For maximum effectiveness, these 
materials should be situated in the 
path of direct sunlight. Direct gain 
solar heating is a simple, enjoyable 
way of bringing heat into a build- 
ing, one that places the occupants 
in an intimate relationship with the 
seasons and the weather. However, 
direct sunlight causes visual glare, 
and it fades and deteriorates interi- 
or materials. Heat loss through the 
large glass areas during nights and 
cloudy days may be considerable. 




PASSIVE SOLAR HEATING 



Summer sun 




TROMBEWALL PASSIVE SOLAR HEATING 



Winter sun 
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Fan Rock bed 

FAN-FORCED ROCK BED PASSIVE SOLAR HEATING 



2. In attached sunspace solar heat- 
ing, a greenhouse, glassy atrium, 
or glazed circulation corridor 
attached to the building collects 
solar heat by direct gain. Heated 
air is shared with adjacent spaces 
by means of natural convection or 
small, powered fans. Undesirable 
glare and fading are largely con- 
fined to the sunspace. The sun- 
space can be closed off during 
sunless periods and allowed to 
grow cold, reducing building heat 
losses during such periods. The 
sunspace will undergo large, often 
uncomfortable temperature fluc- 
tuations. Thermal mass walls and 
floors within the sunspace can, to 
some extent, moderate tempera- 
ture swings. But unless additional 
active control mechanisms are pro- 
vided, such spaces are typically 
unsuitable for growing plants or 
regular occupancy. Attached sun- 
space solar heating is generally the 
least efficient of the passive solar 
heating methods discussed in this 
section. 

3. Trombe wall solar heating fea- 
tures thermal mass walls located 
immediately inside the windows 
that receive sunlight. The inte- 
rior of the building is warmed 
by heat conducted through the 
walls, by allowing room air to con- 
vect between the wall and the 
glass, or both. Compared to direct 
gain solar heating, a Trombe wall 
system blocks a significant por- 
tion of the direct sunlight from 
the inhabited space, preventing 
glare and fading of materials. The 
wall occupies considerable space, 
however, and limits outdoor views. 

4. Fan- forced rock bed solar heating 
is a hybrid of passive and active 
systems. Sunlight is brought direct- 
ly into the inhabited spaces of the 
building. When the interior air tem- 
perature rises above the comfort 
level, thermostat-controlled fans 



draw the overheated air through a 
large container of stones, where the 
excess heat is absorbed. During 
sunless periods when the interior 
air temperature drops, the fan is 
actuated again to warm the room 
air by passing it through the heated 
stones. Compared to direct gain 
and Trombe wall solar heating, a 



fan-forced rock bed system gives 
better control of temperature and 
does not require the presence of 
massive materials within inhabited 
spaces. The rock bed is large and 
expensive to construct. Glare and 
fading are problems unless the sys- 
tem is coupled with an attached 
sunspace. 



(Continued on next page) 
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Design 

Passive solar buildings should be 

sited for maximum solar gain poten- 

224 ti^- Avoid locations shaded in the 
heating season by topography, veg- 
etation, or human-made structures. 
Maximum solar gains are achieved 
when a building’s collecting surfac- 
es are oriented within 15 degrees of 
true south. However, even buildings 
oriented as much as 45 degrees 
away from south can still achieve 
some benefit. For more information 
on the path of the sun, see page 142. 

Orient the long axis of the 
building east-west (in the northern 
hemisphere) and locate the most 



important interior spaces along the 
south side of the building. Locate 
utility rooms, bathrooms, and other 
secondary-use spaces along the 
north side of the building, where they 
can serve as heat loss buffers to this 
colder side. Use external shading 
devices to prevent undesirable gains 
from the high summer sun. Avoid 
unshaded large east- and west-fac- 
ing glass areas that may make inte- 
rior spaces prone to overheating. 

For direct gain and Trombe wall 
systems, locate thermal mass sur- 
faces in direct line of sight with occu- 
pants, allowing the benefit of thermal 
radiation from these surfaces. 




Sizing Passive Solar 
Heating Systems 

Use the chart on this page to 
determine south-facing glazing 
and internal mass requirements 
for passive solar heating systems. 
Read higher in the chart ranges 
for buildings in areas with lim- 
ited solar access; read lower in the 
ranges for well-insulated buildings. 
In most climates, a backup heating 
system must also be provided. 

■ For direct gain systems, read the 
glazing area and thermal storage area 
directly from the chart. For designs 
relying on passive solar energy for 
a large portion of the building’s total 
heating needs, increase the indicated 
thermal storage area by as much 
as a factor of 2. For water or phase- 
change salts, the indicated thermal 
mass area may be reduced by as 
much as a factor of 3. 

■ For attached sunspace heating, 
read the glazing area directly from 
the chart. Thermal mass, if used, 
will be limited in area by the extent 
of the sunspace. 

■ For Trombe wall heating, read 
the glazing area directly from the 
chart. For designs relying on passive 
solar energy for a large portion of 
the building’s total heating needs, 
increase the recommended glazing 
area by as much as a factor of 1.5. 
The area of mass walls is equal to 
the glazing area. They are typically 
6 to 16 in. (150 to 400 mm) thick and 
spaced 1 to 24 in. (25 to 300 mm) 
from the adjacent windows. Use a 
thinner wall where heating needs 
are more immediate during the day; 
use a thicker wall where heating 
needs are delayed until evening or 
night. 

■ For fan-forced rock bed heating, 
read the glazing area directly from 
the chart. Provide 0.5-0.75 cu ft 
of rock storage per square foot 
of glazing (0.15-0.22 m^ of rock 
per square meter of glazing). For 
example, with 400 sf (37 m^) of south- 
facing glazing, provide 200-300 cu ft 
(5.6-8. 1 m^) of rock storage. 
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Description 

Outside air circulates through the 
building during occupied hours. 
Occupant comfort is improved by 
the direct cooling effect of the mov- 
ing air. As air passes through the 
building, excess heat is flushed to 
the exterior. 

Typical Applications 

Natural ventilation cooling is adapt- 
able to most climate types where 
cooling is required. It is an espe- 
cially good choice for humid cli- 
mates where other passive cooling 
strategies are less effective. This 
type of cooling is best suited to 
small and medium-sized buildings. 
It is not frequently employed in 
tall buildings, where the large air 
pressure differentials that develop 
across the faces of such buildings 
make regulation of naturally driven 
airflows difficult. 

Advantages 

Natural ventilation cooling is a pas- 
sive strategy with no significant 
operational costs, energy consump- 
tion, or maintenance needs. 

Disadvantages 

Natural ventilation strategies rely on 
large exterior openings, open floor 
plans, and, in some cases, inter- 
connected floor levels. These may 
conflict with program requirements, 
visual or acoustic privacy needs, 
or fire-safety regulations requiring 
compartmentalization of spaces. 
Precise control of interior air tem- 
perature, humidity, and air pollutants 
is not possible. The necessary exte- 
rior openings may admit unwanted 
outside noise into the building. 

Variations 

1. Cross ventilation relies on wind 
forces to move air through the 
building. Passage of the wind cre- 
ates areas of higher and lower 
air pressure on different parts of 



the building exterior. With appro- 
priately arranged exterior open- 
ings, these pressure differences 
can be exploited to move outside 
air through the interior. This strat- 
egy requires building locations 
exposed to reliable prevailing 
winds during the cooling season. 

2. Stack ventilation relies on convec- 
tive pressures (the natural buoy- 
ancy of warmer air compared to 
cooler air) to move air through 



the building. As interior air gains 
heat, it rises and then is exhausted 
from openings located high in the 
building, while cooler outside air 
is drawn in lower down. Stack ven- 
tilation is an effective alternative to 
cross ventilation where prevailing 
winds are weak or unpredictable. 
However, stack ventilation requires 
structures of sufficient height to 
produce the necessary convective 
forces. 
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3. Mechanically assisted natural ven- 
tilation cooling uses powered fans 
to increase airflows through the 
building when prevailing winds or 
stack pressures are insufficient to 
meet the air movement and cooling 
needs of the building’s occupants. 

Design 

Cross ventilation cooling depends 
on the availability of consistent 
226 winds during the building’s cool- 
ing season operating hours. Local 
wind data can be obtained from a 
variety of sources, including those 
listed in this book’s bibliography. 
Such data, often obtained at air- 
port or other open field locations, 
should be adjusted to reflect local 
site conditions. For example, aver- 
age wind speeds in dense urban 
areas may be as much as one-half 
of those recorded for open areas. 
Wind shadows from adjacent struc- 
tures, the channeling of wind in 
narrow valleys or urban canyons, 
the acceleration of wind over bod- 
ies of water, and other localized 
effects on wind speed and direc- 
tion should also be considered. 

Cross ventilated buildings and 
their openings should be oriented 



to exploit the prevailing winds. 
For buildings rectangular in plan, 
the longer side should be orient- 
ed roughly perpendicular to the 
direction of the wind or at an angle 
of not more than 40 degrees from 
this direction. Exterior openings 
should be divided between areas 
of positive pressure (windward 
exposure) and negative pressure 
(leeward exposure). The com- 
bined area of the leeward open- 
ings should be at least as great 
as that of the windward openings. 
Where prevailing winds are reli- 
able in strength but not direction, 
openings should be arranged in 
multiple orientations so that they 
work effectively with winds from 
any expected direction. 

Stack ventilation depends on 
stack height to generate the con- 
vective pressures that move air 
through the building. Stack effec- 
tiveness can also be enhanced with 
wind-induced negative pressures 
at the top of the stack, by solar 
heating of the portion of the stack 
above the building (a solar chim- 
ney), or with the aid of powered 
fans. When a stack serves multiple 
floor levels, it should be at least 



one-third to one-half as tall as the 
height of the levels served so as 
to provide effective ventilation for 
the highest levels. Building orienta- 
tion is generally not critical to suc- 
cessful stack ventilation, although 
care should be taken to ensure that 
where strong winds occur, they will 
not work at cross purposes to stack- 
induced pressures. The free area of 
the stack outlet openings and the 
stack itself should be at least as 
great as the area of the windows or 
other air inlet openings. Inlet open- 
ings and stacks should be arranged 
to balance airflow throughout ven- 
tilated areas and to avoid dead 
zones where air can stagnate. 

Within any naturally ventilated 
building, air must be able to flow 
freely from inlet to outlet openings. 
Thus, the cross-sectional area of 
internal openings should be at least 
as great as the area of the exterior 
inlets, and these openings should 
be arranged to allow air to circulate 
throughout the areas to be cooled. 
Because circulation air gains heat as 
it moves through the building, occu- 
pants should be located close to air 
inlets where possible, and equip- 
ment or other sources of heat should 
be located close to outlets. Within 
individual spaces, locating air inlets 
low and outlets high can exploit con- 
vective effects to enhance air move- 
ment and maximize heat extraction 
from the space. 

As with any type of passive 
cooling design, building heat gains 
from both internal and external 
sources should be minimized. Solar 
heating should be controlled with 
shading strategies and the choice 
of appropriate glazing materials. 
Internal heat gains should be mini- 
mized with the selection of efficient 
lighting devices and equipment. 
Daylighting strategies should be 
employed where possible. 




Inlet openings free area 



NATURAL VENTILATION COOLING 



CROSS VENTILATION 




93 190 280 370 460 



Cooled 




93 190 280 370 460 

Cooled area 



Sizing Natural Ventilation 
Systems 

Use the top chart on this page 
to find the minimum total area of 
inlet openings for a cross-venti- 
lated building. Read higher in the 
indicated areas for hotter climates, 
buildings with higher internal heat 
gains, or lower wind speeds. Read 
lower for cooler climates, buildings 
with lower internal heat gains, or 
higher wind speeds. 

■ For building locations with 
average wind speeds of 4 mph (1.6 
m/s) or less, read only above the 
dashed line indicated. For locations 
with faster winds, read in all areas 
indicated. 

■ For openings with insect screen- 
ing, double the indicated free area. 

For louvers or other partial opening 
obstructions, adjust the indicated 
area appropriately. 

■ The combined area of outlet 
openings should be equal to or 
greater than the combined area of 
inlet openings. 

Use the bottom chart on this page 
to find the combined minimum 
area of inlet openings for a stack- 227 
ventilated building. Read higher 
in the chart for hotter climates, 
buildings with higher internal heat 
gains, or shorter stacks. Read lower 
for cooler climates, buildings with 
lower internal heat gains, or taller 
stacks. 

■ For openings with insect screen- 
ing, double the indicated area. 

■ For stacks not more than 1 0 ft (3 m) 
tall, read only above the dashed line 
indicated. For taller stacks, read in 
all areas indicated. 

■ The combined cross-sectional 
area of stacks should be equal to 
or greater than the combined area 
of inlet openings serving the same 
area. 
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THERMAL MASS WITHOUT NIGHTTIME VENTILATION 



Description 

During the day, thermal mass mate- 
rials within the building absorb 
heat and moderate rising tempera- 
tures. During the night, the building 
is ventilated with cooler outside air, 
extracting the stored heat from the 
mass and flushing it to the exte- 
rior. Heavyweight structural sys- 
tems such as concrete, masonry, 
rammed earth, or adobe serve as 
thermal mass. 

Typical Applications 

Thermal mass cooling is an effective 
strategy where outdoor tempera- 
ture swings are high — 20°F (11°C) 
or more — on an average daily basis. 
The most favorable conditions for 
thermal mass cooling occur in dry 
climates, such as in any of the U.S. 
dry climate zones shown on the 
map on p. 219. However, outside of 
coastal areas, minimally acceptable 
conditions for this strategy can be 
found throughout much of the conti- 
nental United States. 

During the day, when outside 
air temperatures are higher than 
those inside the building, all or most 
228 ^J^dows remain closed. Indoor air 
quality is maintained by some com- 
bination of mechanical ventilation 
and/or controlled use of operable 
openings. During the cooler nights, 
windows are opened and natural 
ventilation is used to circulate large 
volumes of air through the building, 
thereby removing the stored heat. 
Alternatively, nighttime ventilation 
can be provided mechanically, mak- 
ing thermal mass cooling applica- 
ble to a greater variety of building 
sizes and configurations than those 
adaptable to natural ventilation. 

Advantages 

Thermal mass cooling with night- 
time natural ventilation is a passive 
strategy without significant opera- 
tional costs, energy consumption, 
or maintenance needs. When ven- 



tilation is provided mechanically, 
energy costs are still low in compar- 
ison to those for conventional active 
building cooling systems. Where 
thermal mass cooling on its own 
cannot maintain comfortable inte- 
rior temperatures, it can also work 
in conjunction with active systems. 

The same thermal mass used for 
summer cooling can be used for pas- 
sive solar heating in climates where 
both strategies are appropriate. 

Disadvantages 

Thermal mass surfaces cannot be 
covered with carpeting, acous- 



tic panels, or other materials that 
thermally insulate the mass from 
the interior air. Where nighttime 
ventilation is provided by natural 
means, humidity and air pollutants 
may be difficult to control, and the 
necessarily large exterior open- 
ings may create building secu- 
rity or acoustic concerns. Natural 
ventilation strategies also rely on 
open floor plans and intercon- 
nected spaces that may conflict 
with programmatic requirements 
or regulations requiring compart- 
mentalization of space for fire 
safety. 
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Variations 

1 . In thermal mass with natural night- 
time ventilation, heat stored during 
the day by interior mass is flushed 
from the building at night using 
natural ventilation strategies. Stack 
ventilation, which is not dependent 
on nighttime winds, may be pre- 
ferred over cross ventilation. Open 
floor plans are required to ensure 
thorough flushing of the thermal 
mass surfaces. For more informa- 
tion on design for natural ventila- 
tion, see pages 225-227. 

2. In thermal mass without nighttime 
ventilation, heat stored by building 
mass during hot days is released 
directly back into interior spaces 
during cooler nights. This strategy 
is most suitable for relatively small 
buildings located in cooler cli- 
mates. The heat accumulated dur- 
ing the day either serves to keep 
the building comfortably warm 
during the night or is lost through 
the building skin without the aid of 
nighttime ventilation. See the chart 
on page 220 for conditions suitable 
to this strategy. 

3. Thermal mass with mechanically 
assisted nighttime ventilation works 
similarly to variation 1 . But the reli- 
ance on mechanical systems rather 
than natural ventilation to move 
nighttime air through the building 
makes this variation practical for 
a greater variety of building sizes 
and configurations. 

4. Thermal ventilated mass is anoth- 
er mechanically assisted variation 
in which the thermal mass compo- 
nents are hollow, and nighttime air 
is drawn by fans directly through 
the mass components themselves 
rather than through the interior 
spaces of the building. Hollow core 
concrete planks (see pages 132- 
133) are one example of a struc- 
tural component adaptable to this 
application. This variation reduces 
the need for open floor plans and 
large, operable exterior openings. 



Design 

The thermal mass surfaces must 
be located within the occupied 
areas of the building and must 
be situated in the direct path of 
the nighttime ventilation airflow. 
Where possible, these surfaces 
should be in the direct line of 
sight of building occupants so that 
occupants may also benefit from 



radiant cooling effects. Building 
thermal insulation must be posi- 
tioned to the exterior side of the 
thermal mass. For buildings con- 
structed of lighter-weight struc- 
tural systems, special wallboard 
or other materials formulated with 
encapsulated phase change mate- 
rials may provide the needed ther- 
mal capacity. 
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For designs that rely on flush- 
ing of nighttime air through interior 
spaces (variations 1 and 3 above), 
these spaces must be sufficiently 
open and interconnected to permit 
unimpeded airflow. Where night- 
time ventilation is provided by nat- 
ural means, the building design 
guidelines for natural ventilation 
provided on pages 225-227 should 
be followed. Note however, that 
these two strategies, natural venti- 
lation cooling (which occurs during 
the day) and thermal mass cooling 
with nighttime ventilation, cannot 
be used in the same building. 

As with any type of passive 
cooling design, building heat gains 
from both internal and external 
sources should be minimized. Solar 
heating should be controlled with 
shading strategies and the choice 
of appropriate glazing materials. 
Internal heat gains should be mini- 
mized with the selection of efficient 
lighting devices and equipment. 
Daylighting strategies should be 
employed where possible. 

Sizing Thermal Mass 
Cooling Systems 

Use the chart on this page to deter- 
mine the required areas for inter- 
nal thermal mass and exterior 
openings for thermal mass cooling 
designs. Read higher in the indi- 
cated areas for hotter climates or 
for buildings with higher internal 
heat gains. Read lower in the chart 
for cooler climates or for buildings 
with lower internal heat gains. 
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■ For thermal mass with natural 
nighttime ventilation, read exposed 
thermal mass and exterior opening 
areas from within the Full cooling 
load chart area. 

■ For thermal mass without night- 
time ventilation, read exposed ther- 
mal mass areas anywhere within ei- 
ther the Full or Reduced cooling load 
chart areas. 



■ For thermal mass with mechani- 
cally assisted nighttime ventilation, 
read exposed thermal mass areas 
from the Full cooling load chart 
area. Reduce the indicated exterior 
opening area by one-half. 

■ For thermal ventilated mass, read 
exposed thermal mass from the Full 
cooling load chart area. 
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Description 

Hot, dry outside air passes through 
wetted pads or misted water in cool- 
ing towers located above the occu- 
pied portions of a building. As the 
water evaporates, the air is cooled 
and its relative humidity rises. This 
cooler, moister, and more comfort- 
able air then descends and passes 
through the building interior. 

Typical Applications 

Evaporative cooling lowers the 
temperature of air and raises its 
moisture content. It is most appro- 
priate for hot, dry climates (see the 
map on page 219) where adding 
moisture to air does not decrease 
comfort. Passive evaporative cool- 
ing relies on natural ventilation 
to distribute the conditioned air 
through the building, making it 
most suitable for small and medi- 
um-sized buildings. 

Appropriate conditions for 
evaporative cooling are represent- 
ed graphically on the Temperature, 
Humidity, and Passive Systems chart 
on page 22 1 .Where additional local 
climate data are available, consider 
passive evaporative cooling where 
average exterior wet bulb tempera- 
tures do not exceed 68 to 70°F (20 to 
21°C) at the hottest time of the year. 

Advantages 

Evaporative cooling does not 
depend on the wind, making it a pos- 
sible alternative where natural ven- 
tilation is not practical. Evaporative 
cooling systems consume far less 
energy than conventional refrig- 
eration cycle equipment, requiring 
only small amounts of power to sup- 
ply water to the tower. Evaporative 
coolers do not use environmentally 
hazardous refrigerants. 
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Disadvantages descends into the building. No fans 

Evaporative cooling depends on are required to move the air. 
the cooling effect of water evapo- 2. Small mechanical evaporative 
ration. It is not effective in humid coolers are packaged units that use 
climates, where adding water powered fans rather than natural 
to the air would serve mainly to convective forces to move evapo- 
increase the relative humidity that rative cooled air through the units 
is already uncomfortably high and into the building. They are suit- 
but do little to lower air tempera- able for small buildings. For more 
ture. Evaporative cooling systems information on coolers of this type 
consume water. They may not be see page 249. 
appropriate for arid areas where 3. Larger mechanical evaporative 231 

water supplies are restricted. The coolers are more sophisticated 

very damp portions of the system packaged units that can be incor- 

may introduce odors into the sup- porated into conventional ducted 

ply air stream and have the poten- HVAC systems. In appropriate cli- 

tial to foster biological growth. mates, these units can replace or 

Periodic inspection and cleaning supplement refrigeration-based 

may be required. cooling equipment, reducing cool- 

ing costs and energy consumption. 
Variations indirect mechanical evaporative 

1. Passive evaporative cool tow- coolers use a heat exchanger to 

ers extend above the roof level of cool interior air without introduc- 

the building. Outside air is drawn ing additional moisture, expand- 

into the top of the towers, where it ing somewhat the range of climate 

passes through pads kept continu- conditions under which these units 

ously damp or through a continu- can be used. For more information 

ous water mist. As the air is cooled °n the use of packaged cooling 

and humidified by water evapora- equipment in larger buildings, see 

tion, it becomes more dense and pages 186-187. 
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Design 

A natural downdraft is created in the 
cool tower as warm outside air enters 
the tower, is cooled and humidified, 
and increases in density. As this 
more comfortable air descends into 
the building, warmed interior air is 
displaced and exhausted through 
remote windows or other openings. 
In fact, cool towers function essen- 
tially as the reverse of stack ventila- 
tion, and these towers are sometimes 
called reverse chimneys. 

Passive evaporative cooling 
relies on natural ventilation to dis- 
tribute conditioned air throughout 
the building. Wind or stack pres- 
sures are not required, as the pres- 
sure to move building air comes 
from the descending heavier air in 
the tower itself. The building inte- 
rior must be sufficiently open to 
allow efficient movement of air, and 
exterior openings of sufficient size 
and appropriate distribution must 
be provided to act as air outlets. 



Cool towers can also be combined 
with stack ventilation, with the cool 
towers acting as air inlets and other 
ventilation stacks acting as outlets. 
Use the guidelines on pages 225- 
227 for the design of natural venti- 
lation aspects of the system. 

As with any type of passive 
cooling design, building heat 
gains from both internal and 
external sources should be mini- 
mized. Solar heating should be 
controlled with shading strate- 
gies and the choice of appropri- 
ate glazing materials. Internal 
heat gains should be minimized 
with the selection of efficient 
lighting devices and equipment. 
Daylighting strategies should be 
employed where possible. 



SIZING COOL TOWERS 

The required height of the cool 
tower and the area of cooling media 
(wetted pads) depend on the exte- 



rior temperature and humidity, 
the internal cooling load, and the 
building area to be served. Use the 
table on this page as a guide for 
preliminary cool tower selection. 
Use taller, larger-dimension towers 
in hotter, more humid climates and 
in buildings with higher internal 
cooling loads. Use smaller, shorter 
towers where requirements are less 
severe. 

In the following table, the 
Smaller-Dimension Cool Tower is 
assumed to have a cooling media 
area of 32 sq ft (3.0 m^) and the 
Larger-Dimension Cool Tower to 
have a cooling media area of 48 
sq ft (4.5 m^). Practical dimen- 
sions for the tower itself range 
from 10 to 40 ft (3.0 to 12 m) in 
height and approximately 5 to 
12 ft (1500 to 3600 mm) on each 
side. Tower height is measured 
from where air enters the tower to 
where it exits. 



TYPICAL COOL TOWER SIZES 



BUILDINGS WITH LOW BUILDINGS WITH MEDIUM 

COOLING LOAD COOLING LOAD 



Exterior 

Temperature 


Exterior 

Relative 

Humidity 


Building 
Area to Be 
Cooled 


Height of 
Smaller- 
Dimension 
Cool Tower 


Height of 
Larger- 
Dimension 
Cool Tower 


Height of 
Smaller- 
Dimension 
Cool Tower 


Height of 
Larger- 
Dimension 
Cool Tower 


90T 


23% 


1500 


15' 




20' 




(32°C) 




(140 m2) 


(4.6 m) 




(6.1 m) 




90°F 


18% 


1500 ft2 


10' 




15' 




(32°C) 




(140 m2) 


(3 m) 




(4.6 m) 




105°F 


15% 


1500 ft2 


10' 




15' 




(41°C) 




(140 m2) 


(3 m) 




(4.6 m) 




90°F 


23% 


3000 ft2 




20' 




35' 


(32°C) 




(280 m2) 




(6.1 m) 




(11m) 


90°F 


18% 


3000 ft2 


40' 






30' 


(32°C) 




(280 m2) 


(12 m) 






(9 m) 


105°F 


15% 


3000 ft2 


35' 






25' 


(41°C) 




(280 m2) 


(11m) 






(7.6 m) 
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MECHANICAL 

AND 

ELECTRICAL 
SYSTEMS 
FOR SMALL 
BUILDINGS 



This chapter will help you select a heating and 
cooling system for the preliminary design of a small 
building. It also summarizes typical plumbing and 
electrical systems for small buildings. 
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DESIGNING SPACES FOR MECHANICAL AND 
ELECTRICAL SERVICES FOR SMALL BUILDINGS 



Dmall buildings are defined for 
purposes of this section as those 
that use residential-scale mechan- 
ical and electrical systems. This 
category may include small edu- 
cational, commercial, retail, indus- 
trial, and institutional buildings as 
well as houses, townhouses, and 
small apartment buildings. 

Heating and cooling loads in 
small buildings are usually domi- 
nated by heat gains and losses 
through the skin of the building. In 



many small buildings, mechanical 
fresh air ventilation is not an issue 
because of the low density of occu- 
pancy and the ability of operable 
windows and normal air leakage 
through the skin of the building 
to provide adequate ventilation. 
Most of the distribution lines for 
the mechanical and electrical sys- 
tems in small buildings can be con- 
cealed within the hollow cavities 
that are a normal part of the floor, 
wall, and ceiling structures. A base- 



ment, crawlspace, or attic is often 
available as a location for the major 
mechanical equipment and larger 
horizontal distribution lines. There 
is an enormous variety of heating 
and cooling systems from which 
the designer may choose. This sec- 
tion summarizes the choices of 
heating and cooling systems and 
the typical plumbing and electrical 
systems. Approximate dimensions 
of the components of the various 
systems are also given. 
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SMALL BUILDINGS 




DESIGN CRITERIA FOR THE SELECTION OF HEATING AND 
COOLING SYSTEMS FOR SMALL BUILDINGS 



Decide first if the building needs a 
heating system, cooling system, or 
both heating and cooling: 



Some systems are capable of heating only, such as: 

Hydronic heating (pages 246-247) 

Active solar heating (page 248) 

Electric convectors and heaters (pages 251-252) 
Radiant panel heating (page 253) 

Wall furnace and direct-vent space heaters (page 254) 
Heating stoves (page 255) 

Passive solar heating (pages 222-224) 



If you wish to minimize the first cost 
of the system: 



Some systems are capable of both heating and cooling the building, such 
as: 



Forced air (pages 243-245) 

Heat pump (pages 178, 244-245) 

Packaged terminal units or through-the-wall units (page 250) 
Single-packaged and split-packaged systems (pages 186-187) 

Some systems are capable of cooling only, such as: 

Packaged evaporative air (page 249) 

Natural ventilation cooling (pages 225-227) 

Thermal mass cooling (pages 228-230) 

Passive evaporative cooling (pages 231-232) 



Choose systems that do not require the installation of extensive piping or 
ductwork, such as: 

Packaged evaporative cooler (page 249) 

Packaged terminal units or through-the-wall units (page 250) 

Electric convectors or fan-forced heaters (pages 251-252) 

Wall furnace and direct-vent space heaters (page 254) 

Heating stoves (page 255) 
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or consider an appropriate passive heating or cooling system, such as: 
Passive solar heating (pages 222-224) 

Natural ventilation cooling (pages 225-227) 

Thermal mass cooling (pages 228-230) 

Passive evaporative cooling (pages 231-232) 



If you wish to minimize operating 
costs and energy consumption in 
cold climates: 



Choose systems that burn fossil fuels efficiently or those that burn locally 
available, low-cost fuels, such as: 

Forced air (pages 243-245) 

Hydronic heating (pages 246-247) 

Active solar heating (page 248) 

Heating stoves (page 255) 

or consider a passive heating system: 

Passive solar heating (pages 222-224) 
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If you wish to minimize operating 
costs and energy consumpton in 
moderate climates: 


Choose systems that utilize ambient energy sources, such as: 
Heat pump systems (pages 178, 244-245) 

Active solar heating (page 248) 

Heating stoves (page 255) 

Packaged evaporative cooler (page 249) 




or consider a passive system: 

Passive solar heating (pages 222-224) 
Natural ventilation cooling (pages 225-227) 
Thermal mass cooling (pages 228-230) 
Passive evaporative cooling (pages 231-232) 


If you wish to maximize control 
of air quality and air velocity for 
maximum comfort: 


Choose a system that filters and moves the air mechanically, namely: 
Forced air (pages 243-245) 


If you wish to maximize individual 
control over temperature: 


Choose systems that offer separate thermostats in a number of rooms or 
zones, such as: 

Hydronic heating (pages 246-247) 

Packaged terminal units or through-the-wall units (page 250) 

Electric convectors or fan-forced heaters (pages 251-252) 


If you wish to minimize the noise 
created by the heating and cooling 
system: 


Choose systems in which motors, pumps, and fans are distant from the 
occupied space, such as: 

Forced air (pages 243-245) 

Hydronic heating (pages 246-247) 

Electric convectors and radiant heating (pages 251-253) 




or consider a passive system: 

Passive solar heating (pages 222-224) 
Natural ventilation cooling (pages 225-227) 
Thermal mass cooling (pages 228-230) 
Passive evaporative cooling (pages 231-232) 


If you wish to minimize the visual 
obtrusiveness of the heating and 
cooling system: 


Choose systems that place as little hardware as possible in the occupied 
spaces, such as: 

Forced air (pages 243-245) 

Radiant heating (page 253) 

Passive solar heating (pages 222-224) 

Natural ventilation cooling (pages 225-227) 

Thermal mass cooling (pages 228-230) 

Passive evaporative cooling (pages 231-232) 
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If you wish to maximize the inhab- 
itants’ enjoyment of the changing 
weather and seasons: 



Choose systems that change prominently with the seasons, such as: 

Heating stoves (page 255) 

Passive solar heating (pages 222-224) 

Natural ventilation cooling (pages 225-227) 

Thermal mass cooling (pages 228-230) 

Passive evaporative cooling (pages 231-232) 



If you wish to minimize the amount 
of floor space occupied by heating 
and cooling equipment: 



Choose systems that do not occupy floor space, such as: 

Packaged evaporative cooler (page 249) 

Packaged terminal units or through-the-wall units (page 250) 
Electric fan-forced heaters (page 252) 

Electric radiant heating (page 253) 

Wall furnace and direct-vent space heaters (page 254) 
Passive solar heating (pages 222-224) 

Natural ventilation cooling (pages 225-227) 

Thermal mass cooling (pages 228-230) 

Passive evaporative cooling (pages 231-232) 



If you wish to minimize system 
maintenance: 



Choose systems with few or no moving parts, such as: 
Forced air (pages 243-245) 

Hydronic heating (pages 246-247) 

Electric convectors (page 251) 

Electric radiant heating (page 253) 

Wall furnace and direct-vent space heaters (page 254) 
Passive solar heating (pages 222-224) 

Natural ventilation cooling (pages 225-227) 

Thermal mass cooling (pages 228-230) 

Passive evaporative cooling (pages 231-232) 
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If you wish to avoid having a Choose systems that do not burn fuel in the building, such as: 

chimney in the building: (p^^^g 244-245) 

Active solar heating (page 248) 

Single-packaged and split-packaged systems (pages 186-187) 
Packaged terminal units or through-the-wall units (page 250) 

All types of electric heat (pages 251-253) 

Wall furnace and direct-vent space heaters (page 254) 

Passive solar heating (pages 222-224) 

With some fuel-burning systems, high-efficiency furnaces may be avail- 
able that can be ventilated through a wall and do not require a chimney. 
Consult manufacturers’ literature for more detailed information. 



If you wish to maximize the speed Choose systems that involve as few components and as few trades as pos- 
of construction: sible, such as: 

Packaged terminal and through-the-wall units (page 250) 

All types of electric heat (pages 251-253) 
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GIVE SPECIAL 
CONSIDERATION TO THE 
SYSTEMS INDICATED 
IF YOU WITH TO: 


Forced Air 
(page 243) 


Heat Pump 
Furnace 
(page 244) 


Hydronic 
Heating 
(page 246) 


Active Solar 
Heating 
(page 248) 


Packaged 
Evaporative 
Cooler 
(page 249) 


Packaged 
Terminal 
or Through- 
the-Wall 
Units 
(page 250) 


Provide only heating or 
cooling, or both 


Heating and 
cooling 


Heating and 
cooling 


Heating 

only 


Heating 

only 


Cooling 

only 


Heating and 
cooling 


Minimize first cost 










• 


• 


Minimize operating costs and 
energy consumption in cold 
climates 


• 




• 


• 






Minimize operating costs 
and energy consumption 
in moderate climates 




• 




• 


• 




Maximize control of air 
velocity and air quality 


• 


• 










Maximize individual control 
over temperature 






• 






• 


Minimize system noise 


• 


• 


• 


• 






Minimize visual 
obtrusiveness 


• 


• 










Maximize enjoyment of the 
seasons 














Minimize floor space used for 
the mechanical system 










• 


• 


Minimize system 
maintenance 


• 












Avoid having a chimney 




• 




• 




• 


Maximize the speed of 
construction 












• 
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PASSIVE SYSTEMS 



Electric 
Baseboard 
Convectors 
(page 251) 


Electric 
Fan-Forced 
Unit 
Heaters 
(page 252) 


Radiant 
Heating 
(page 253) 


Wall 
Furnace 
and Direct- 
Vent Space 
Heaters 
(page 254) 


Heating 
Stoves 
(page 255) 


Passive 
Solar 
Heating 
(page 222) 


Natural 
Ventilation 
Cooling 
(page 225) 


Thermal 
Mass 
Cooling 
(page 228) 


Passive 

Evapora- 

tive 

Cooling 
(page 231) 


Heating 

only 


Heating 

only 


Heating 

only 


Heating 

only 


Heating 

only 


Heating 

only 


Cooing 

only 


Cooling 

only 


Cooling 

only 


• 
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• 


• 
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GENERAL CONSIDERATIONS: SMALL BUILDINGS 
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CENTRAL SYSTEMS 
VERSUS LOCAL SYSTEMS 

In a central system, heat is sup- 
plied to a building or extracted 
from it by equipment situated in a 
mechanical space — a furnace or a 
boiler in a basement, for example. 
Air or water is heated or cooled 
in this space and distributed to 
the inhabited areas of the building 
by ductwork or piping to main- 
tain comfortable temperatures. In 
a local system, independent, self- 
contained pieces of heating and 
cooling equipment are situated 
throughout the building, one or 
more in each room. Central sys- 
tems are generally quieter and 
more energy-efficient than local 
systems and offer better control of 
indoor air quality. Central equip- 
ment tends to last longer than local 
equipment and is easier to service. 
Local systems occupy less space 
in a building than central systems 



because they do not require a cen- 
tral mechanical space, ductwork, or 
piping. They are often more eco- 
nomical to buy and install. They can 
be advantageous in buildings that 
have many small spaces requiring 
individual temperature control. 

Pages 243-248 describe cen- 
tral heating and cooling systems 
for small buildings, and pages 249- 
255 describe local systems. 



FUELS 

Heating equipment in small build- 
ings may be fueled by oil, pipe- 
line natural gas, liquid propane 
gas, kerosene, electricity, sun- 
light, or solid fuels such as coal 
or wood. Cooling equipment is 
almost always powered by elec- 
tricity or, in the case of passive 
systems, by wind or convective- 
driven air currents. In functional 
respects, electricity is the ideal 
fuel. It is clean, it is distributed 



through small wires, no chimney 
is needed, and electrical heating 
and cooling equipment is com- 
pact and often lower in first cost 
than equivalent fossil-fuel-burn- 
ing equipment. However, when 
the efficiencies of remote electri- 
cal power generation and distri- 
bution are considered, electricity 
converted directly into heat is less 
efficient in comparison to systems 
that rely on the burning of fuels. 
In most areas, such direct electric 
heating is also more costly. 

Natural gas and oil are usually 
the fuels of choice for small build- 
ings. Sunlight, wood, and coal are 
generally less convenient energy 
sources than electricity, gas, and oil. 
They are appropriate in particular 
buildings where owner preferences 
and building occupancy patterns 
permit or encourage their use. 

On-site storage requirements 
for the various fuels are summa- 
rized in the table below. 



TYPICAL DIMENSIONS OF FUEL STORAGE COMPONENTS 



Component 


Width 


Depth 


Height 


Coal storage, minimum. 


4'-0" 


4'-0" 


4'-0" 


1 ton (1 tonne) 


(1.2 m) 


(1.2 m) 


(1.2 m) 


Firewood storage, minimum. 


4'-0" 


4'-0" 


4'-0" 


!4 cord 


(1.2 m) 


(1.2 m) 


(1.2 m) 


Liquid propane tanks. 


16" (410 mm) diameter 


60" 


upright cylinders 






(1525 mm) 


Liquid propane tank. 


41" (1040 mm) diameter. 




horizontal 


16'-3" (5.0 m) long 





There are many sizes of propane tanks, of which these are two of the most com- 
mon. Upright cylinders are located outdoors, usually against the wall of the build- 
ing, often in pairs. They may not be closer than 36" (915 mm) to a door or 
a basement window. The horizontal tank must be at least 25' (7.6 m) from the 
building or a property line and may be buried if desired. 

Oil or kerosene storage tank, 27" 60" 54" 

275 gal (1000 1) (685 mm) (1525 mm) (1375 mm) 

For greater capacity, multiple tanks may be installed inside the building, or a 
larger tank may be buried just outside the foundation. 




FORCED AIR HEATING AND COOLING 



Description 

A furnace heats air with a gas flame, 
an oil flame, or electric resistance 
coils. The heated air is circulated 
through the inhabited space by 
a fan and a system of ductwork. 
With an upflow furnace, the hori- 
zontal ducts are located above the 
furnace at the ceiling of the floor 
on which the furnace is located. 
With a downflow furnace, the ducts 
are located beneath the furnace 
in the crawlspace or floor slab. A 
third type, the horizontal furnace, 
is designed to fit in a low attic or 
under-floor crawlspace. 

Cooling capability may be 
added to the furnace by installing 
evaporator coils in the main supply 
ductwork adjacent to the furnace. 
An outdoor compressor and con- 
densing unit supplies cold refriger- 
ant to the evaporator coils through 
small-diameter insulated tubing. 

Typical Applications 

Forced air heating and air condi- 
tioning is the most versatile and 
most widely used system for heat- 
ing and cooling small buildings. 
Multiple furnaces may be installed 
to establish multiple zones of con- 
trol and to heat and cool buildings 
of up to 10,000 sq ft (1000 m^) or 
more. 

Advantages 

A forced air system can incorpo- 
rate every type of humidification, 
dehumidification, air filtration, 
and cooling equipment. If prop- 
erly designed, installed, and main- 
tained, it is quiet and fuel efficient 
and distributes heat evenly. 




UPFLOW FURNACE 
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FORCED AIR HEATING AND COOLING 



Disadvantages 

Multiple zones of control are rela- 
tively difficult to create and can be 
wasteful of energy. 

Major Components 

Furnace, fuel storage, chimney, 
ductwork, and, if cooling capability 
is included, an outdoor condens- 
ing unit. Some high-efficiency gas 
furnaces may be vented through 
the wall and do not require a chim- 
ney. Typical dimensions for these 
components are summarized in the 
table on the facing page. For the 
dimensions of fuel storage compo- 
nents, see page 242. 

Variations 

1. A heat pump furnace uses a 
reversible refrigeration cycle to 
create and circulate either heated 
or cooled air as required. An out- 
door heat pump unit either extracts 
heat from the outdoor air and 
releases it through coils in the fur- 
nace or extracts heat from the coils 
in the furnace and releases it to the 
outdoor air, depending on whether 
heating or cooling is required. 





HORIZONTAL FURNACE IN ATTIC 





FORCED AIR HEATING AND COOLING 



A heat pump furnace is generally 
economical to operate in moderate 
climates, but when outdoor temper- 
atures fall well below freezing, the 
heat pump cycle becomes ineffi- 
cient and is turned off automatical- 
ly. Electric resistance coils are then 
activated to generate heat, which 
raises operating costs dramatically. 
For this reason, heat pumps are 
not usually used in severe climates 
unless they use water or earth as 
a heat source rather than air. Heat 
pump furnaces are available in ver- 
tical upflow, vertical downflow, and 
horizontal configurations and are 
similar in dimension to other fur- 
naces. 

2. A multifuel furnace is designed 
to burn solid fuel (wood or coal) as 
well as a backup fuel (gas or oil). It 
is larger and more expensive than a 
single-fuel furnace. 

3. A packaged system, either sin- 
gle-packaged or split-packaged, is 
often used to heat and cool small 
commercial, industrial, and insti- 
tutional buildings. For information 
on packaged systems, see pages 
186-187. 




TYPICAL DIMENSIONS OF COMPONENTS OF FORCED AIR 
HEATING SYSTEMS 



Component 


Width 


Depth 


Height 




Chimney, masonry 


20" 


20" 


a 






(510 mm) 


(510 mm) 






Chimney, metal 


10" (255-mm) diameter 


a 




Condensing unit, outdoor 










Small 


24" 


24" 


24" 






(610 mm) 


(610 mm) 


(610 mm) 




Large 


40" 


50" 


33" 






(1015 mm) 


(1270 mm) 


(840 mm) 




Ducts, sheet metal 








K 

A 


Main horizontal supply 


24" 




12" 


s 


and return ducts, each 


(610 mm) 




(305 mm) 


1 


Supply risers, typical 


10" 


3.25" 




u 

m 


(notice that these are 


(255 mm) 


(83 mm) 




m 


made to fit between wall 


12" 


3.25" 




H< 


studs) 


(305 mm) 


(83 mm) 




U 

hH 




7" oval (175 mm oval) 




M 


Return risers (these are 


8" 


14" 




U 

u 


usually fewer in number 


(200 mm) 


(360 mm) 




u 


than the supply risers and 








Q M 


require special wall 










framing provisions) 








« s 


For duct insulation, add 1" (25 mm) all around. Insulation is recommended 


S n 
S j 


on heating ducts and is mandatory on cooling ducts that run through non-air- 




conditioned space. 








u 3 
S 1 


Fuel storage — see page 242 










Furnaces, including 
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adjacent primary ductwork 










Horizontal furnace 


24" 


84" 


28" 






(610 mm) 


(1170 mm) 


(710 mm) 




Upright furnace, upflow or 


24" 


30" 


84" 




downflow 


(610 mm) 


(760 mm) 


(1170 mm) 




Multifuel furnace, upright. 


48" 


60" 


84" 




upflow 


(1220 mm) 


(1525 mm) 


(1170 mm) 





A working space 3’ (900 mm) square is required on the side of the furnace adja- 
cent to the burner. Furnaces have varying requirements for installation clearances 
to combustible materials; some need only an inch or two. 



“Under most codes, a chimney must extend at least 3' (900 mm) above the highest 
point where it passes through the roof and at least 2' (600 mm) above any roof sur- 
face within a horizontal distance of 10' (3 m). 



CONDENSING UNIT 




HYDRONIC (FORCED HOT WATER) HEATING 



Description 

A flame or electric resistance coil 
heats water in a boiler. Small pumps 
circulate the hot water through fin- 
tube convectors, which are hori- 
zontal pipes with closely spaced 
vertical fins mounted in a simple 
metal enclosure with inlet louvers 
below and outlet louvers above. 
The heated fins, working by con- 
vection, draw cool room air into the 
enclosure from below, heat it, and 
discharge it out the top. Instead 
of fin-tube convectors, especially 
where space is tight, fan-coil units, 
either surface-mounted or wall- 
recessed, may be used. The fan in 
a fan-coil unit blows room air past a 
hot water coil to heat it. 

Typical Applications 

Hydronic heating is a premium- 
quality heating system for any 
type of building. Radiant systems 
(described on the facing page) 
create especially comfortable 
thermal environments for building 
occupants. 

__ Advantages 

246 Hydronic heating is quiet if prop- 
erly installed and maintained. It 
gives excellent heat distribution 
and is easily zoned for room-by- 
room control by adding thermo- 
statically controlled zone valves or 
zone pumps at the boiler. The boil- 
ers for small-building systems are 
very compact. Some gas or electric 
boilers are so small that they can 
be mounted on a wall. 

Disadvantages 

Cooling, air filtration, and humid- 
ification, if desired, must be 




Boiler 



accomplished with independent 
systems, which raise the overall 
system cost. The convectors occu- 
py considerable wall perimeter 
and can interfere with furniture 
placement. 

Major Components 

Boiler, chimney, fuel storage, expan- 
sion tank, circulator pumps, zone 
valves, convector or fan-coil units. 
Some high-efficiency gas boilers 
may be vented through a wall and 
do not require a chimney. 




HYDRONIC (FORCED HOT WATER) HEATING 



Typical dimensions for these com- 
ponents are summarized in the 
table to the right. For dimensions of 
fuel storage components, see page 
242. 



Variations 

1 . A multifuel boiler is designed to 
burn both solid fuel (coal or wood) 
and a backup fuel (gas or oil). It is 
larger and more expensive than a 
single-fuel boiler. 

2. Radiant heated floors or ceilings 
are warmed with hot water from a 
hydronic boiler circulated through 
ceiling panels or floor assemblies. 
Because these systems rely on rela- 
tively large exposed surface areas 
to radiate heat rather than just to 
warm the air, they can create a more 
comfortable thermal environment 
for the building occupants. (For 
electric radiant floors and ceilings, 
see page 253.) 




HYDRONIC CONVECTOR 



TYPICAL DIMENSIONS OF COMPONENTS OF A HYDRONIC 
HEATING SYSTEM 



Component 


Width 


Depth 


Height 




Chimney, masonry 


20" 


20" 


a 






(510 mm) 


(510 mm) 






Chimney, metal 


10" (250-mm) diameter 


a 




Boiler, hydronic, with 










expansion tank, valves, and 










pumps (add 10" or 250 mm 










on two adjacent sides for piping) 










Upright 


25" 


25" 


84" 






(635 mm) 


(635 mm) 


(2135 mm) 




Wall-mounted, gas or 


30" 


24" 


84" 


0 

Fm 


electric 


(760 mm) 


(610 mm) 


(2135 mm) 


CO 

5! 


Solid fuel or combination 


36" 


60" 


84" 


A 

U 


fuel 


(900 mm) 


(1530 mm) 


(2135 mm) 


CO 

CO 


A boiler requires a working space 3' (910 mm) square on the side adjacent to the 


H! 


burner. Required clearances to combustible surfaces vary, depending on the de- 


U 

M 


sign of the boiler; for some boilers, they may be as little as an inch or two. 


n 

E-* 
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Convector, baseboard 


3" 


7.5" 




U 

u 




(75 mm) 


(190 mm) 




Q 


Fan-coil units 








§ 


Recessed or surface- 


24" 


4" 


30" 


H! 

r\ 


mounted 


(610 mm) 


(100 mm) 


(760 mm) 


l-l 


Toespace heater 


21" 


18" 


4" 


s 




(535 mm) 


(460 mm) 


(100 mm) 


u 



®Under most codes, a chimney must extend at least 3' (900 mm) above the highest 
point where it passes through the roof and at least 2' (600 mm) above any roof sur- 247 
face within a horizontal distance of 10' (3 m). 




FAN-COIL UNIT 



SMALL BUILDINGS 




ACTIVE SOLAR HEATING 



Description 

Outdoor south-facing collector 
panels, usually mounted on the 
roof of the building, are heated by 
sunlight. A pump or fan circulates 
liquid or air to withdraw the heat 
from the panels and store it in a 
tank of liquid or a bin of rocks or 
phase-change salts. This storage is 
usually located in the basement or 
a mechanical equipment room. A 
fan circulates indoor air through a 
heat exchanger coil filled with the 
warm storage liquid, or through 
the rock bin, and distributes the 
heated air to the inhabited space 
of the building through a system of 
ductwork. 

Typical Applications 

Active solar heating is feasible in 
buildings that are exposed to sun- 
light throughout the day in climates 
with a high percentage of sunny 
weather during the winter. 

Advantages 

No fuel is required. Only relatively 
small quantities of electricity are 
248 ’^®<^uired to power pumps or fans. 

Disadvantages 

The initial cost of active solar heat- 
ing systems tends to be high. The 
collector surfaces may become a 
prominent part of the architecture of 
the building. A backup heating sys- 
tem (such as forced air or hydronic 
heating) is usually required to heat 
the building during extended sun- 
less periods. Cooling must be done 
by a separate system. 

Major Components 

Solar collector panels, heat storage 
tank or bin, ductwork for air collec- 
tors or piping for water collectors, 
heat exchanger, and building heat- 
ing ductwork. Typical dimensions 
for these components are summa- 
rized in the table to the right. For 
the dimensions of fuel storage com- 
ponents, see page 242. 




Variations degree of comfort and increases the 

A heat pump may be added to efficiency of the solar collectors, 
the system to draw heat from the Solar collector panels may be 

storage medium at relatively low used to provide heat to the build- 
temperatures and distribute it to ing domestic water system, either 
the occupied spaces at higher tern- in addition to, or in lieu of, provid- 
peratures. This provides a higher ing space heating. 

TYPICAL DIMENSIONS OF ACTIVE SOLAR 
HEATING COMPONENTS 



Component 


Width 


Depth 


Height 


For dimensions of the backup furnace, chimney, fuel storage, and ductwork, see 


pages 242 and 245. 








Collector panels, average 


24’ 


6" 


20' 


residence 


(7.3 m) 


(150 mm) 


(6 m) 


Collector panels should face within 20° of true south and should be sloped at an 


angle to the ground equal to or up to 15° more than the latitude of the site. 


Heat exchanger with 


30" 


30" 


30" 


ductwork 


(760 mm) 


(760 mm) 


(760 mm) 


Heat storage 








Rock bed 


minimum of 600 ft^ (17 m^) 




Water storage tank 


8' (2.4 m) diameter 


T (2.1 m) 




PACKAGED EVAPORATIVE COOLER 



Description 

A fan blows warm, dry outside air 
through a wetted pad. Water evapo- 
rates from the pad into the air, cool- 
ing the air by extracting from it the 
latent heat of vaporization. The fan 
circulates the cooled, humidified 
air through the building. The metal 
cabinet in which the pad and fan 
are placed is usually located on the 
roof or adjacent to the building. 

Typical Applications 

Evaporative coolers are used to 
cool buildings in which humidity 
control is not critical in hot, dry 
climates. 

Advantages 

Cooling costs are significantly 
lower than those of refrigeration- 
cycle systems. No environmentally 
hazardous refrigerants are used in 
the equipment. 

Disadvantages 

Evaporative coolers are only suit- 
able for dry climates where added 
humidity does not decrease occu- 
pant comfort. The system is ineffec- 
tive in humid climates. A separate 
system is required for heating the 
building. 




TYPICAL DIMENSIONS OF EVAPORATIVE COOLING 
SYSTEM COMPONENTS 



Component 


Width 


Depth 


Height 


Evaporative cooler, average 


36-48" 

(915-1220 mm) 


36-48" 

(915-1220 mm) 


24-36" 

(610-915 mm) 


Duct 


18" 


18" 






(460 mm) 


(460 mm) 
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Major Components 

Evaporative cooling unit, ductwork. 
Typical dimensions for these com- 
ponents are summarized in the 
accompanying table. 





PACKAGED TERMINAL UNITS AND THROUGH-THE-WALL UNITS 



P ackaged terminal units and 
through-the-wall units are used 
extensively in small as well as large 
buildings. See page 178 for more 
detailed information on these sys- 
tems. 

Small split-packaged units 
are also available for use in small 



buildings. 
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ELECTRIC BASEBOARD CONVECTORS 



Description 

Electric resistance wires in sheet 
metal enclosures are installed 
around the perimeter of the room 
at the junction of the floor and the 
wall. Room air circulates through 
slots in the enclosures by means 
of convection and is heated by the 
resistance wires. 

Typical Applications 

Heating systems in buildings of any 
type, especially where electricity 
costs are low. 

Advantages 

Electric baseboard convectors are 
quiet and distribute heat evenly. 
Each room has individual tempera- 
ture control. Installation costs are 
low. No chimney is required. 

Disadvantages 

The baseboard convectors occupy 
considerable wall perimeter and 
can interfere with furniture place- 
ment. There is no means of con- 
trolling humidity or air quality. 
Electricity is an inefficient source 
of heat, and in most areas it is 
expensive in comparison to other 
fuels. A separate system is required 
for cooling. 

Major Components 

Electric baseboard convector units. 
A typical convector is 3 in. (75 mm) 
deep and 7.5 in. (190 mm) high and 
extends for some feet along a wall. 
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ELECTRIC FAN-FORCED UNIT HEATERS 



252 



Description 

Fan-forced electric unit heaters are 
compact units inside which a fan 
draws in room air and heats it by 
passing it over electric resistance 
wires before blowing it back into 
the room. 

Typical Applications 

Any room or building that requires 
electric heating from small sourc- 
es. 

Advantages 

Fan-forced unit heaters are eco- 
nomical to buy and install, and 
they do not interfere with furniture 
placement as much as baseboard 
convectors. Each room has individ- 
ual temperature control. No chim- 
ney is required. 




Toespace heater 



Wall-mounted 

heater 



Industrial 
unit heater 




Floor-recessed 

heater 



Wall-recessed 

heater 



Disadvantages 

Heat distribution in the room can be 
uneven, and the fans become noisy 
unless they are maintained regular- 
ly. There is no means of controlling 
humidity or air quality. Electricity 
is an inefficient source of heat, and 
in most areas it is expensive in 
comparison to other fuels. Separate 
systems are required for humidifi- 
cation and cooling. 

Major Components 

Electric fan-forced unit heaters. 
Typical dimensions for these com- 
ponents are summarized in the 
table to the right. 



TYPICAL DIMENSIONS OF ELECTRIC FAN-FORCED HEATERS 



Component 


Width 


Depth 


Height 


Floor-recessed heater 


16" 


8" 


8" 




(400 mm) 


(200 mm) 


(200 mm) 


Industrial unit heater 


16" 


12" 


16" 




(400 mm) 


(300 mm) 


(400 mm) 


Toespace heater 


24" 


12" 


4" 




(610 mm) 


(300 mm) 


(100 mm) 


Wall-recessed or wall 


16" 


4" 


20" 


surface-mounted heater 


(400 mm) 


(100 mm) 


(510 mm) 



Variations 

Fan-forced unit heaters are avail- 
able for wall mounting in recessed 
or surface-mounted configurations. 
Toespace heaters are designed for 
use in the low, restricted space 
under kitchen cabinets or shelves. 
Recessed floor units lie beneath a 
simple floor register. Industrial unit 
heaters are mounted in rectangular 
metal cabinets that are designed to 
be suspended from the roof or ceil- 
ing structure. 





ELECTRIC RADIAJNTT HEATING 



Description 

Electric resistance heating wires 
are embedded in the ceiling or 
floor. The warm surface radiates 
heat directly to the body and also 
warms the air in the room. 

Typical Applications 

Residences, nursing homes. 

Advantages 

Heating is even and comfortable. 
No heating equipment is visible in 
the room. 

Disadvantages 

The system is slow to react to 
changing needs for heat. Tables 
and desktops beneath a radiant 
ceiling cast cold “shadows" on the 
legs and feet. Carpeting and fur- 
niture reduce the effectiveness of 
radiant floor panels. Cooling and 
humidity control must be provided 
by a separate system. Electricity is 
an inefficient source of heat, and in 
most areas it is expensive in com- 
parison to other fuels. 

Major Components 

Resistance wires, resistance mats, 
or prefabricated, electrified ceil- 
ing panels. 

Variations 

Ceiling or floor radiant panels may 
be heated by hot water coils fed 
from a hydronic boiler. 






WALL FURNACE AND DIRECT-VENT SPACE HEATERS 
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Description 

A wall furnace is a tall wall-recessed 
or surface-mounted heating unit in 
which air flows from the room and 
circulates by convection past metal 
heat exchange surfaces warmed by 
a gas flame. Most wall furnaces can 
heat the spaces on both sides of 
the wall. Sometimes a short run of 
ductwork can be added to circulate 
heat to a third room. 

Direct-vent space heaters are a 
newer generation of self-contained 
heating units. Inside air is fan-forced 
over a sealed burner unit. The unit 
draws exterior air for combustion 
and may be fueled by kerosene, 
natural gas, or propane. In com- 
parison to wall furnaces, direct-vent 
space heaters are smaller in size, 
have greater fuel efficiency, provide 
improved heat distribution, and offer 
more choices of fuel source. These 
units are usually surface-mounted 
on the inside of an exterior wall, 
or vent pipes may be extended 10 
to 15 ft (3 to 4.5 m) horizontally or 
vertically to permit more choice in 
heater location. 

Typical Applications 

Low-cost dwellings, offices, and 
motels in mild climates. 

Advantages 

Both systems are inexpensive to 
buy and install. Direct-vent space 
heaters are highly fuel efficient. 

Disadvantages 

Both systems require vent pipes to 
the outdoors, they distribute heat 
unevenly, and they are unattractive 
visually. Cooling and humidity con- 
trol must be provided by separate 
systems. 

Major Components 

For wall furnaces, a gas meter and 
service entrance or a propane tank 
and regulator, gas piping, wall fur- 
nace, and vent pipes through the 



wall or to the roof. A typical wall 
furnace is 14 in. wide, 12 in. deep, 
and 84 in. high (360 X 305 X 2135 
mm). The vent pipe to the roof is 
typically a 4-in. (100-mm) oval that 
may be concealed between the 
studs in a wall. 

For direct-vent space heaters, 
the fuel supply may consist of a gas 
service entrance and meter, pro- 
pane tank and regulator, or kero- 
sene tank. Kerosene may be gravi- 



ty-fed, or if the heater is above the 
level of the tank, a lift pump may be 
used. Heater unit dimensions are 
16-38 in. wide, 9-16 in. deep, and 
21-28 in. high (405-965 X 230-450 
X 535-710 mm). Dual concentric 
vent pipes that provide both fresh 
air intake and combustion exhaust 
may be extended through the exte- 
rior wall or roof and range in size 
from 2 to 3 in. (50 to 75 mm) in out- 
side diameter. 




HEATING STOVES 



Description 

Heating stoves are small appli- 
ances that sit conspicuously within 
each area they heat. They burn 
wood, coal, gas, oil, or kerosene 
and transmit heat to the room and 
its occupants by a combination of 
convection and radiation. 

Typical Applications 

Residential, industrial, and com- 
mercial buildings, especially in 
areas where firewood or coal is 
inexpensive and readily available. 
Wood- and coal-burning stoves are 
frequently used as supplementary 
sources of heat in centrally heated 
houses. 

Advantages 

Wood and coal are cheap fuels in 
many areas, and the experience 
of tending a stove and basking 
in its warmth can be aesthetically 
satisfying. Some stoves are visually 
attractive. 

Disadvantages 

Heating stoves use a surprisingly 
large amount of floor space and 
require chimneys. Most stoves are 
hot enough to burn the skin. They 
do not distribute heat evenly. Solid- 
fuel stoves require constant tending 
and are difficult to control precisely. 
Solid fuel and ashes generate con- 
siderable dirt within the building. A 
stove becomes a fire hazard unless 
it and its chimney are conscien- 
tiously maintained and operated. 
Most solid-fuel stoves pollute the 
air due to incomplete combustion. 




TYPICAL DIMENSIONS OF HEATING STOVES 

Component Width Depth Height 

Ash storage Covered metal bucket 14" (360 mm) 

in diameter 

Chimney, masonry 

One stove 20" 20" ® 

(510 mm) (510 mm) 

Two stoves 20" 28" ® 

(510 mm) (710 mm) 

Chimney, metal 10" (254-mm) diameter 




Fuel storage: see page 242 
Stove 




Gas-fired 

Oil-fired 

Wood-fired 



Stovepipe, uninsulated, 
typical 

Stovepipe, insulated, 
typical 



38" 13" 40" 

(965 mm) (330 mm) (1015 mm) 

32" 30" 40" 

(815 mm) (760 mm) (1015 mm) 

Varies widely up to the 
dimensions shown for 
gas-fired and oil-fired stoves 
7" (180 mm) diameter 



9" (230 mm) diameter 



Major Components 

Chimney, stove and stovepipe, 
floor protection, wall protection, 
fuel storage, ash storage for solid- 
fuel stoves. Typical dimensions for 
these components are summarized 
in the table to the right. For dimen- 
sions of fuel storage components, 
see page 242. 



Heating stoves typically require a clearance of 36" (914 mm) to combustible or 
plaster surfaces. They also require a noncombustible hearth that extends 12" (305 
mm) to each side and to the back of the stove and 18" (460 mm) to the front. Some 
stoves are shielded to allow them to be as close as 12" to combustible surfaces 
to the back and sides. An uninsulated metal stovepipe may not come closer than 
18" (460 mm) to the ceiling. Insulated pipes are usually designed for a 2" (51-mm) 
clearance to combustible materials. 

^Under most codes, a chimney must extend at least 3' (900 mm) above the highest 
point where it passes through the roof and at least 2' (600 mm) above any roof sur- 
face within a horizontal distance of 10' (3 m). 
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WATER SUPPLY 

Water from a municipal main reach- 
es the building via an underground 
service pipe and a water meter. In 
warm climates, the meter may be 
outside the building, but in cold 
climates, it must be installed in a 
heated space, usually the base- 
ment or the mechanical equipment 
room. In many areas an electronic 
readout, connected by wires to the 
inside water meter, is mounted on 
the outside of the building so that 
the meter reader does not need to 
enter the building. 

From the water meter, domes- 
tic cold water flows directly to the 
fixtures by means of small-diame- 
ter copper or plastic pipes. If the 
water is “hard" (contains a heavy 
concentration of calcium ions), a 
water softener may be installed to 
remove these ions from the water 
that goes to the domestic water 
heater. The water heater uses a gas 
flame, an oil flame, solar-heated 
liquid, or electric resistance heat- 
ing to warm the water to a preset 
temperature at which it is held in an 

250 insulated tank for subsequent use. 

A tree of hot water piping parallels 

the cold water piping as it branches 
to the various fixtures in the build- 
ing. Supply piping should be kept 
out of exterior walls of buildings in 
cold climates to prevent damage to 
piping from wintertime freezeups. 

If water is obtained from a pri- 
vate well, it is lifted from the well 
and pressurized by a pump. If the 
well is deep, the pump is usually 
placed at the well bottom. If the 
well is less than approximately 20 
to 25 ft (6 to 8 m) deep, the pump 
may be located inside the build- 
ing. In either case, the pump push- 
es the water into a pressure tank, 
from which it flows on demand 
into the hot and cold water piping. 
The pressure tank may be located 
inside the well, or in the basement 
or mechanical equipment room of 
the building. 



WASTE PIPING AND 
SEWAGE DISPOSAL 

Sewage flows from each fixture 
through a trap into waste pipes 
that drain by gravity. To ensure that 
the traps do not siphon dry and 
to maintain constant atmospheric 
pressure in the waste piping, a vent 
pipe is attached to the waste sys- 
tem near each trap. The vent pipes 
rise through the building until they 
penetrate the roof, where they are 
left open to the air. The vent pipes 
may be gathered together into a 
single pipe in the attic of the build- 
ing to minimize the number of roof 
penetrations. A horizontal run of 
vent can be used to move a plumb- 
ing vent to a less prominent rooftop 
location. 

The waste piping descends 
through the building, gathering 




waste from all the fixtures, until 
it reaches the ground, the crawl- 
space, or the basement. If it lies 
above the sewer or the private dis- 
posal system at this point, it turns 
to an almost horizontal orientation, 
sloping toward its outlet (the sewer 
main or the septic tank) at a pitch 
of at least 1:100. If it lies below 
the elevation of its outlet at this 



TYPICAL DIMENSIONS OF PLUMBING COMPONENTS 



Component 


Width 


Depth 


Height 


Gas meter and piping 


18" 

(460 mm) 


12" 

(305 mm) 


24" 

(610 mm) 


Sewage disposal, private 








The size and configuration of private sewage disposal systems vary widely, 
depending on soil conditions, topography, local laws, and the required capacity 
of the system. As a starting point, allow an area of level or nearly level ground 40' 
X 80' (12 X 25 m), with its short side against the building. No part of this area may 
be closer than 100' (30 m) to a well, pond, lake, stream, or river. 


Water heater 








Gas-fired 


20" (510-mm) 
diameter 




60" 

(1525 mm) 


Electric 


24" (610-mm) 
diameter 




53" 

(1350 mm) 


Water meter and piping 


20" 

(510 mm) 


24" 

(305 mm) 


10" 

(255 mm) 


Water pressure tank for a pump 
that is located in a well 


20" (510-mm) 
diameter 




64" 

(1625 mm) 


Water pump and pressure 
tank for a shallow well 


36" 

(915 mm) 


20" 

(510 mm) 


64" 

(1625 mm) 


Water softener 


18" (460-mm) 
diameter 




42" 

(1070 mm) 
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point, an automatically operated 
underground ejector pump must 
be installed to lift the sewage and 
empty it into the outlet. 

Waste and vent piping is larger 
in diameter than supply piping and 
requires careful planning to fit effi- 
ciently into a building. Bathrooms 
and toilet rooms should be stacked 
to avoid horizontal displacements 
of the waste and vent stacks. For 
maximum economy, fixtures should 
be aligned along thickened plumb- 
ing walls, and rooms containing 
fixtures should be clustered back- 
to-back around the plumbing walls. 
The major horizontal runs of waste 
piping should be located in a crawl- 
space, beneath a slab, or just inside 
the perimeter of a basement. Some 
typical wood framing details for 
plumbing walls are shown in the 
diagram to the right. 

Private sewage disposal sys- 
tems vary considerably in configu- 
ration and size, depending chiefly 
on soil conditions and local health 
regulations. The most common type 
includes a septic tank, usually 1000 
to 1500 gal (4000 to 6000 1) in capac- 
ity, in which the sewage is digested 
by anaerobic action. Effluent from 
the septic tank flows by gravity to 
a disposal field of open-jointed or 
perforated pipe laid below ground 
in a bed of crushed stone. In nearly 
all areas of North America, pri- 
vate sewage disposal systems may 
be designed only by a qualified 
engineer. The engineer’s design 
is based on soil tests that in some 
municipalities may be performed 
only during those limited periods 
of the year when the soil is in 
its most saturated condition, and a 
building permit will not be issued 
until a permit has been granted 
for the construction of the disposal 
system. This can potentially delay 
the start of a construction project 
for many months. 

Typical dimensions of plumb- 
ing components are summarized in 
the table on the facing page. 
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GAS SERVICE 

Natural gas is distributed to 
buildings through mains located 
beneath the street. Each building 
is served by an underground pipe 
that surfaces at a gas meter and 
pressure regulator next to or just 
inside the building. From this ser- 
vice entrance, the gas is piped 
through the building to the vari- 
ous appliances — furnaces, boilers, 
water heaters, clothes dryers, fire- 
places, barbecues, kitchen ranges, 
and industrial equipment. 

Where there are no gas mains, 
liquid propane gas can be deliv- 
ered by tanker truck to pressurized 
tanks outside the building. The gas 
flows from the tanks through a pres- 
sure regulator and evaporator into 
the building’s gas piping system. 

Gas piping is small in diameter 
and is made up of threaded iron 
pipe and fittings. It does not usu- 
ally require special consideration 
in the design of the building, but 
space does need to be provided, 
usually at the basement ceiling or 
in the crawlspace or slab, for long 
258 horizontal runs of gas piping. 

For dimensions of gas meters 
in a small building, see the table 
on page 256. For dimensions of liq- 
uid propane storage tanks, see the 
table on page 242. 



SPRINKLER SYSTEMS IN 
SMALL BUILDINGS 

Small building sprinkler system 
requirements vary with the type of 
Occupancy and size of the build- 
ing. To determine if sprinklers are 
required for your project, con- 
sult the height and area tables on 
pages 386-441 for buildings that 
are regulated by the International 
Building Code and pages 442-47 1 
for buildings that are regulated 
by the National Building Code of 
Canada. 

Where the height and area 
tables indicate that sprinklers are 
required and no further informa- 
tion is provided about sprinkler 
system type, a commercial grade 
(NFPA 13) sprinkler system should 
be assumed and the guidelines for 
large building sprinkler systems 
provided on pages 200 and 208 
should be followed. 

Where the height and area 
tables indicate that a lighter duty, 
NFPA 13R (residential) sprinkler 
system is permitted, follow the 
commercial grade sprinkler sys- 
tem guidelines noted above, with 
the following exceptions: 

■ Due to reduced water supply 
demands, no fire pump normally 
is required. Where water supply is 
inadequate, a gravity tank or air- 
pressurized tank may provide the 
necessary backup. 

■ A relatively small assembly of 
valves and alarm fittings joins the 
sprinkler system to the domestic 
water supply. 



■ An exterior Siamese fitting for 
hookup to fire department pumper 
trucks may be required. 

■ Dedicated sprinkler riser shafts 
may not be required. The smaller- 
diameter piping that is typical of 
this system may fit comfortably into 
available wall cavities. 

■ A maximum coverage of 144 sq ft 
(13 m^) of floor area per sprinkler 
head should be assumed. 

■ Sprinkler coverage does not need 
to extend into attics, bathrooms, 
and small bathrooms or closets. 
Where the height and area tables 
indicate that an NFPA 13D (one- 
and two-family dwelling) sprinkler 
system is permitted, use the follow- 
ing guidelines: 

■ This system is connected direct- 
ly to the building’s domestic wa- 
ter supply system. No fire pump is 
required. 

■ Assume a maximum coverage of 
144 sq ft (13 m^) of floor area per 
sprinkler head. 

■ Sprinkler coverage must extend 
throughout living areas but need not 
include attics, crawlspaces, small 
closets, small pantries, small bath- 
rooms, garages, carports, exterior 
porches, and unheated entry areas. 

■ Sprinkler piping for this system 
is small in diameter, takes up little 
space, and is easy to install. It may be 
metallic or of several kinds of plastic. 
Nonmetalhc piping must be separat- 
ed from interior spaces by a layer of 
gypsum wallboard or other material 
that offers at least short-term protec- 
tion from the heat of a fire. 




ELECTRICAL AND COMMUNICATION WIRING 
FOR SMALL BUILDINGS 



tilectrical, telephone, data net- 
working, and cable television ser- 
vices reach the building via either 
overhead or underground wires, 
depending on the practices of the 
local utilities. Overhead wires at 
the street may be converted to an 
underground service to the build- 
ing by running the service wires 
down the face of the pole to the 
required depth and then laterally to 
the building. Data networking may 
also be provided by optic fiber. 

An electric power meter is 
mounted in an accessible loca- 
tion on the outside of the building. 
Wires from an overhead service 
arrive at the building above the 
meter and descend to it in a large 
cable or a metal conduit mounted 
on the exterior wall surface. Wires 
from an underground service are 
brought up to the meter in a con- 
duit. A cable or conduit from the 
meter enters the building at the 
basement or main floor level and 
connects to the main electric panel, 
which should be as close to the 
meter as possible. 

From the main panel, wiring 
fans out to branch panels and indi- 
vidual circuits. Exposed wiring 
or wiring in masonry or concrete 
must be placed in metal or plastic 
conduits. In frame buildings, most 
wiring is done with flexible plas- 



tic-sheathed cable that is routed 
through the cavities of the frame. 
In a very small building, all the 
branch circuits connect directly to 
the main panel. In a larger building, 
especially one with multiple tenant 
spaces, most circuits connect to 
branch panels scattered at conve- 
nient points around the building. 
The branch panels, in turn, are con- 
nected by cables or conduits to the 
main panel. 

Panel locations need to be 
worked out fairly early in the 
building design process. In small 
framed buildings, the designer sel- 
dom needs to be concerned about 
providing space for the wires and 
cables unless the construction 
system features exposed framing 
members and decking. In this case, 
conduit routes for the wiring must 
be carefully planned to avoid visual 
chaos. 

Wiring systems for telephone 
service, cable television, data net- 
works, centralized entertainment 
systems, security systems, smoke 
and fire alarms, intercoms, anten- 
nas, and so on generally have mini- 
mal impact on the planning of a 
small building in the early stages 
of design. At their simplest, such 
systems may not require any dedi- 
cated space, or may require only 
small, wall-mounted panels that can 



share space in general-purpose 
closets, basements, or mechani- 
cal equipment rooms. As systems 
increase in complexity, dedicated 
wiring closets may be necessary. 
Such closets should be centrally 
located to best accommodate the 
star topology of most such systems 
and to minimize the length of indi- 
vidual cable runs. For example, a 
central stair may offer closet space 
at its lowest level as well as easy 
cable access up through the center 
of the building; at each floor or ceil- 
ing level, cables can then branch 
out to reach their final destinations. 
Closets must be located so that 
cable lengths do not exceed their 
maximum limits for reliable perfor- 
mance. For example, with the most 
common type of local area network 
(Category 5) cabling, individual 
cables should not exceed approxi- 
mately 285 ft (85 m) in length. To 
avoid electrical interference from 
other systems, communications 
closets should be separated from 
electrical service entrance cables, 
service panels, lightning protec- 
tion, and mechanical equipment by 
at least 6 ft (1.8 m). 

Typical dimensions of compo- 
nents of electrical systems in small 
buildings are summarized in the 
table below. 
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TYPICAL DIMENSIONS OF COMPONENTS OF 
ELECTRICAL SYSTEMS 



Component 


Width 


Depth 


Height 


Electric meter 


12" 


9" 


15" 




(305 mm) 


(230 mm) 


(380 mm) 


Main panel 


14" 


4" 


27" 




(360 mm) 


(100 mm) 


(685 mm) 


Branch panel 


14" 


4" 


20" 




(360 mm) 


(100 mm) 


(685 mm) 
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1 

CONFIGURING 

THE 

EGRESS 

SYSTEM 

AND 

PROVIDING 

ACCESSIBLE 

ROUTES 



This chapter will assist you in laying out 
doors, corridors, stairways, exit discharges, 
and accessible routes for a preliminary 
building design in accordance with the 
requirements of the model building codes. 



Components of the Egress System 265 
The Exit Access 266 
The Exit 272 
The Exit Discharge 280 
Accesssible Routes 281 
Egress from Auditoriums, Concert Halls, and Theaters 287 
Wheelchair Requirements for Assembly Seating 290 
Other Egress Requirements 291 
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COMPONENTS OF THE EGRESS SYSTEM 



1 he function of a building egress 
system is to conduct building occu- 
pants to a safe place in case of a 
fire or another emergency. In most 
instances, that safe place is a public 
way or other large, open space at 
ground level. For the occupants of 
the upper floors of a tall building, 
or for people who are incapaci- 
tated or physically restrained, the 
safe place may be a fire-protected 
area of refuge within the building 
itself. 

A building egress system has 
three major parts: 

1 . The exit access begins at any 
point in the building accessible to 
its occupants and continues up to 
the portion of the egress system 
termed the exit. The exit access 
may include pathways within a 
room, aisles between fixed seat- 
ing, hallways, corridors, ramps, 
unenclosed stairways, and other 
spaces. 

2. The exit is the protected por- 
tion of the egress system that con- 
nects the exit access to the exteri- 
or of the building. Most commonly, 
it is an enclosed, fire-protected 
stairway that conducts occupants 
from multiple floors of a build- 
ing to a door opening to the out- 
side. It may also include similarly 
enclosed, protected passageways. 
Or from a ground floor room, the 
exit may consist of nothing more 
than a door opening from that 
room directly to the outside. 

3. The exit discharge is the final 
portion of the egress system that 




connects the exit to the public 
way or another place of safety. In 
many cases, the exit discharge may 
consist only of exterior elements, 
such as sidewalks, stairs, ramps, or 
courts that lead from the building 
exit to the public sidewalk or street. 
In other cases, the exit discharge 
may include limited portions of 
the building interior, such as when 
the egress path leaves an exit stair 



and passes through a vestibule or 
ground floor lobby before reaching 
the building exterior. 

These three parts of an egress 
system are discussed in greater 20^^” 

detail on the pages that follow. Also 

included are simplified standards 
for the preliminary design of these 
components, condensed from the 
model building codes treated in 
this book. 



CONFIGURING THE EGRESS SYSTEM AND 
PROVIDING ACCESSIBLE ROUTES 
















THE EXIT ACCESS 



EXIT ACCESS PATHS 

Every occupied space in a build- 
ing must have access to a means of 
egress so that occupants can leave 
the building safely in an emergen- 
cy. Where a room or space is small 
and serves only a limited number 
of occupants, only a single means 
of egress may be required. Larger 
spaces require two or more means 
of egress that are independent of 
each other. Multiple egress paths 
help to ensure that larger numbers 
of occupants can safely and effi- 
ciently exit from a space and pro- 
vide alternative routes of escape if 
one pathway is rendered unsafe or 
unreachable. 

Wherever more than one exit 
access pathway is provided, the 
capacity of the individual path- 
ways should be balanced so that 
the loss of any single pathway will 
not reduce the remaining egress 
capacity to less than one-half of the 
total required. 

International Building 
Code 

The International Building Code 
limits spaces with single means of 
egress based on the occupancy 



classification and number of per- 
sons within the space. See the table 
on pages 300-301 for more infor- 
mation. Areas exceeding these lim- 
its require at least two indepen- 
dent means of egress. Areas with 
an occupant load exceeding 500 
require three independent means of 
egress, and those with an occupant 
load exceeding 1000 require four. 

Residential and some institu- 
tional occupancies also have spe- 
cial emergency escape and res- 
cue requirements. See page 291 for 
more information. 

National Building Code of 
Canada 

In the National Building Code of 
Canada, any room, area, or occupied 
roof with an occupant load exceed- 
ing 60 generally requires two inde- 
pendent ways out. Requirements 
for independent means of egress 
also vary with the size of the space, 
the Occupancy type, and the pres- 
ence or absence of sprinklers. See 
the table on pages 306-307 for 
more information. 

Individual dwelling units within 
Residential Occupancies are per- 
mitted to have just one means of 
egress when a single exit door 



leads directly to the exterior not 
more than 1.5 m (5 ft) above grade, 
and the exit door is within one 
story of every floor level within the 
unit or the uppermost floor of the 
unit opens to an exterior balcony 
that is not more than 6 m (20 ft) 
above grade. 

See also pages 292-293 for 
emergency bedroom egress and 
firefighter access to buildings. 



EGRESS THROUGH 
ADJACENT SPACES 

In their most conventional configu- 
ration, exit access pathways are 
expected to proceed from rooms 
to shared corridors and then to 
enclosed exits. The International 
Building Code in some circum- 
stances also permits exit access 
pathways to flow through interme- 
diate spaces to which the originat- 
ing space is functionally related. 
However, once an exit access path 
reaches a corridor or hallway, it 
must proceed directly to an exit 
stair or other exit component and 
cannot reenter other spaces. 
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DISTANCE BETWEEN 
EXITS 

Wherever more than one egress 
pathway is required from a room or 
area, these pathways must be suf- 
ficiently remote from one another 
to minimize the possibility that they 
become simultaneously unsafe or 
inaccessible in a building emer- 
gency. 

International Building 
Code 

In the International Building Code, 
where a room, space, or whole floor 
requires more than one way out, 
at least two of the ways must be 
separated by a distance of not less 
than one-half the diagonal measure 
of the area served. Or, where the 
building is fully sprinklered, the dis- 
tance may be reduced to one-third 
the diagonal measure of the area. 
Normally, these distances are taken 
as straight-line measurements. 
However, when exits off a floor are 
interconnected by a 1-hour rated 
corridor, the distance between the 
two exits is measured along the 
path of travel in the corridor rather 
than in a straight line. (See the 
diagram on this page.) For special 
exit separation requirements for tall 
buildings, see page 291. 

National Building Code of 
Canada 

In the National Building Code of 
Canada, where two egress door- 
ways are required from one space, 
the doorways must be separated 
by a distance of at least one-third 
the diagonal measure of the space 
served. 

When considering exits off 
a floor, the required distance 
between exits is one-half the diag- 
onal measure of the floor or 9 m (30 
ft) — the lesser of the two measure- 
ments when the exits are accessed 
from a corridor or the greater of 
the two when no corridor is provid- 
ed. No minimum distance between 
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-In some cases, travel distance 
may be measured from the point 
where an enclosed area opens 
to a corridor. 



TRAVEL DISTANCE 



exits is required where a floor is 
subdivided by fire separations into 
two or more major areas, each con- 
taining its own exit. 

In this code, distance between 
doorways or exits is measured as 
a straight line when open areas are 
served. Where spaces are subdi- 
vided, the distance is measured as 
the shortest pathway that smoke can 
take to travel between the doorways 
or exits, such as along corridors or 
through other confined spaces. 



MAXIMUM TRAVEL 
DISTANCE TO THE EXIT 

Travel distance is measured from 
the most remote occupied point in 
a building to the nearest enclosed 
exit stairway, enclosed exit pas- 



sageway, or direct exit from the 
building. Both model building 
codes limit travel distance so that 
in the event of an emergency, the 
amount of time that persons may 
be exposed to smoke from fire 
or other hazardous conditions 
is limited. For common building 
occupancies, travel distance limits 
range from 200 to 400 ft (61 to 122 
m) in the International Building 
Code and from 30 to 60 m (98 to 
197 ft) in the National Building 
Code of Canada. See pages BOO- 
BO 1 and 306-307 for more infor- 
mation. 

Travel distance must be mea- 
sured along the actual path an 
occupant will take to reach the exit 
portion of the egress system. For 
example, where a room or space 
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can be expected to be furnished 
with tables, desks, or arrayed seat- 
ing, or where other obstacles may 
prevent a direct line of travel from 
some parts of the room to its way 
out, travel distance should be mea- 
sured along paths that realistically 
reflect the expected conditions. 
Usually, such paths are assumed 
to run parallel to the walls of the 
space. 

Travel within enclosed exit 
components is not included in 
travel distance calculations. For 
example, in a multistory building, 
travel distance is measured from 
remote points on any floor to the 
door leading to an enclosed exit 
stairway. Travel down the enclosed 
stairway is not included. 

In the International Building 
Code, travel along open (unen- 
closed) stairways is included in 
travel distance measurements. 
Furthermore, the length of travel 
along the stair is measured parallel 
to the plane of the stair, not in hori- 
zontal plan projection. 

In the National Building Code 
of Canada, travel distance from 
rooms or suites separated from the 
remainder of the floor and opening 
onto a corridor or exterior pas- 
sageway may be measured from 
the doorway of the space lead- 
ing to the corridor or passageway 
rather than from the most remote 
point within the room or suite. On 
an unsprinklered floor, the separa- 
tion between the rooms or suites 
and the remainder of the floor 
must have at least a 45-minute fire- 
resistance rating. On sprinklered 
floors, no fire-resistance rating is 
required. 

For rooms or suites in fully 
sprinklered buildings, served by 
a corridor at least 9 m (30 ft) wide 
and with a ceiling at least 4 m (13 ft) 
high, this code permits travel dis- 
tance of up to 105 m (344 ft), provid- 
ed that, where any space requires 
more than one means of egress, not 



more than half the required means 
of egress utilize the corridor. This 
exception is primarily intended for 
commercial mall buildings. 

This code also permits large 
floor areas to forgo other stated 
travel distance limits when all main 
aisles in the space lead directly to 
exits arrayed around the perim- 
eter no greater than 60 m (197 
ft) apart. This exception does not 
apply to F-1 High-Hazard Industrial 
Occupancies and is mainly intend- 
ed for large, ground-level assembly 
spaces where exits lead directly to 
the exterior. 



TRAVEL LIMITATIONS 
WITHIN THE EXIT ACCESS 

The International Building Code 
restricts the maximum length of a 
portion of the exit access called 
the common path of egress travel. 
This is the length of travel start- 
ing anywhere in the building and 
continuing to a point at which two 
independent means of egress 
become available to the occupant. 
For example, in a room with just 
one doorway leading to a corri- 
dor, where the corridor provides 
egress in two separate directions. 



the length of the common path of 
egress travel would be the trav- 
el distance within the room and 
through the doorway to the corri- 
dor. See the diagram on this page. 

In the International Building 
Code, common path of egress trav- 
el limits range from 25 to 125 ft 
(7.6 to 38 m), depending on the 
Occupancy and the absence or 
presence of sprinklers. See page 
300 for more details. Note that 
these limits do not apply where 
floors are permitted to have only 
one exit (page 272). 

In the National Building Code 
of Canada, where a room or space 
is permitted only one means of 
egress, the travel distance from 
any point in the space to its egress 
doorway cannot exceed 10 to 25 
m (33 to 82 ft), depending on the 
Occupancy and the presence or 
absence of sprinklers. See the 
table on pages 306-307 for more 
details. Upon leaving the room and 
entering a corridor or exterior 
passageway, the occupant must 
be provided with two indepen- 
dent paths of egress (except where 
whole-floor, single-exit conditions 
are permitted). 
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CORRIDORS 

Corridors are dedicated, enclosed 
exit access components that con- 
nect a floor's occupied spaces to 
its exits. In the event of a building 
emergency, corridors must provide 
safe, efficient passage: Corridors 
must be sufficiently wide to allow 
free passage of occupants; they 
must lead to exits that are not so 
distant as to risk excessive expo- 
sure to hazardous conditions; they 
must be clearly marked and easy 
to navigate, without lengthy dead 
ends that could trap occupants 
who are unfamiliar with the build- 
ing or who are disoriented by low- 
visibility conditions; and depend- 
ing on the type of Occupancy, 
number of occupants, and pres- 
ence of sprinklers, corridor enclo- 
sures may be required to be fire- 
resistance rated so as to provide 
a greater degree of protection to 
occupants as they move toward 
exits. 

Generally, corridors must lead 
directly to enclosed exits without 
passing through intervening rooms. 
In the International Building Code, 
foyers, lobbies, and reception areas 
may be included in the corridor exit 
access if such rooms are construct- 
ed to the same requirements as the 



corridor. With either code, any use 
within the exit access system must 
not intrude into the required egress 
width of the exit access. 

Corridor sizing information 
can be found on page 301 for the 
International Building Code and on 
page 307 for the National Building 
Code of Canada. 

International Building 
Code 

In the International Building Code, 
the level of fire resistance required 
for the walls and floor/ceilings 
enclosing a corridor varies with 
the Occupancy classification and 
the number of occupants served by 
the corridor, as listed in the table 
below. (Where an occupant load is 
indicated, corridors with smaller 
occupant loads may have unrated 
enclosures.) 



National Building Code 
of Canada 

In the National Building Code of 
Canada, corridors must normally 
be enclosed with 45-minute fire- 
resistance rated walls and floor/ 
ceiling assemblies. Corridors in 
some unsprinklered Assembly 
occupancies must be enclosed with 
1-hour rated assemblies. Corridors 
may be enclosed with unrated 
assemblies when the floor is fully 
sprinklered and any of the follow- 
ing conditions apply: 

■ The floor does not include any 
B Care, Treatment, Detention, or C 
Residential Occupancies. 

■ Travel distance from any point 
on the floor does not exceed 45 m 
(148 ft). 

■ Requirements for mall corridors 
are met; see the code for details. 



Occupancy Corridor Protection 



A, B, E, F, M, S, U, with an occupant load 
greater than 30 

B, corridors within areas requiring 
only a single exit 

E, where each instruction room and 
assembly room has at least one door 
leading directly to the exterior at 
grade 

All H-l,H-2,H-3 

H-4, H-5, with an occupant load greater 
than 30 

All I- 1,1-3 
All 1-2, 1-4 

R, with an occupant load greater 
than 10 

R, corridors within dwelling or sleep- 
ing units 



Unrated if the building is sprinklered 
throughout; otherwise, 1-hour rated 

Unrated 

Unrated 



1-hour rated 
1-hour rated 

1-hour rated 
Unrated 
'/z-hour rated 

Unrated 
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Exit access corridor 
on an open balcony 




EXTERIOR CORRIDOR OR EXIT PASSAGEWAY 



EXTERIOR EXIT ACCESS 

Exit access ways may include open 
pathways on the exterior of a build- 
ing. In cold climates, such areas 
should be sheltered to prevent the 
accumulation of ice and snow. 

In the International Building 
Code, exterior access ways qualify 
as egress balconies when one of 
the long sides of the balcony is 
at least 50% open to the exterior. 
Egress balconies leading to only 
one exit stair must be separated 
from interior spaces by rated walls 
and protected door and window 
openings with fire ratings equal to 
those required for corridors. Where 
such balconies have two ways off, 
adjacent walls, windows, and doors 
are not required to be fire rated, 
provided that from any point on 
the balcony, a fire burning through 
any one door or window cannot 
simultaneously block an occupant's 
access to both ways off the balcony. 
When designing with egress bal- 
conies, this code permits allowable 
travel distances (page 267) to be 
increased by the length of the bal- 
cony, up to 100 ft (30 m) maximum. 



The National Building Code 
of Canada treats exterior pas- 
sageways as exits rather than exit 
access. They must be separated 
from the interior of the building in 
the same manner as conventional 
interior exits unless one side of the 
passageway is at least 50% open 
to the exterior and exit stairs are 
provided at both ends of the pas- 
sageway, in which case no separa- 
tion is required. 



DEAD-END CORRIDORS 

Dead-end pockets in exit access 
corridors are undesirable and are 
most commonly limited to 20-50 
ft (6-15 m) in length. For detailed 
dead-end corridor limitations, 
see page 301 for the International 
Building Code and page 307 for 
the National Building Code of 
Canada. 



270 




DEAD-END CORRIDORS 





THE EXIT ACCESS 



DOORS 

In the majority of circumstances, 
doors forming part of an egress 
path must operate by swinging. 
Sliding doors or doors with other 
types of operation are permitted 
as egress doors within individu- 
al dwelling units, serving spaces 
with limited occupant loads, and 
in other unique circumstances. See 
the codes for details. 

The International Building 
Code requires all doors serv- 
ing an occupant load of 50 or 
more, or serving any Group H 
Hazardous Occupancy, to swing in 
the direction of egress travel. The 
National Building Code of Canada 
requires all doors serving exits, 
all doors serving F-1 High-Hazard 
Occupancies, and all exit access 
doors serving an occupant load 
greater than 60 to swing in the 
direction of egress travel. 

Doorways must be arranged 
to minimize obstruction of egress 
pathways. The International Building 
Code limits door encroachment into 
required egress ways to not more 
than 7 in. (178 mm) when fully open 
and not more than one-half of the 
required egress width throughout the 
door swing. The National Building 
Code of Canada permits similar 
encroachments for egress doors 
in small buildings (see page 292): 
Ftully open doors may not encroach 
more than 100 mm (4 in.) into egress 
corridor pathways or 50 mm (2 in.) 
into other parts of the egress system; 
throughout their swing, doors may 
not reduce the required width of cor- 




ridors and passages by more than 
one-half or of exit stairways by more 
than 750 mm (30 in.). 

Even when locked, doors along 
an exit path must open easily in the 
direction of egress travel. Doors 
in fire-resistance rated walls must 
themselves be fire-resistance rated, 
although usually to a value some- 
what lower than the wall in which 
they are located. 

Information on sizing of egress 
doorways may be found on page 
301 for the International Building 
Code and on page 307 for the 
National Building Code of Canada. 



OTHER EXIT ACCESS 
REQUIREMENTS 

The model building codes contain 
many additional provisions relat- 
ing to illumination of exit access 
facilities, marking of exit paths, 
combustibility of finish materials 
in exit access corridors, alarm 
systems, door operation and hard- 
ware, and other safety concerns. 
Consult the appropriate code for 
details. 
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EXITS 

The exit is the portion of the means 
of egress following the exit access 
that is designed to provide a greater 
degree of protection to building 
occupants. Exits must be enclosed 
within fire-resisted rated assem- 
blies, cannot be used for purposes 
other than egress, and must be con- 
tinuous until they discharge from the 
building. In other words, once build- 
ing occupants enter an exit stairway 
or exit passageway, they must be 
able to leave the building without 
passing through areas intended for 
other uses or providing lower levels 
of protection (with exceptions as 
noted later in this section, such as 
for lobbies and vestibules). 

In most circumstances, each 
floor of a building must have at least 
two independent exits. Wherever 
more than one exit is required, 
the capacity of the exits should be 
balanced so that if one becomes 
unusable, those remaining are rea- 
sonably capable of accommodating 
the occupant load. Exit require- 
ments unique to each model build- 
ing code are discussed below. 

International Building Code 

For most buildings, each floor or roof 
level with 500 or fewer occupants 
must have at least two independent 
exits. Levels with between 501 and 
1000 occupants must have at least 
three such exits, and levels with 
more than 1000 occupants must have 
at least four. Where multiple exits 



are required, they must be arranged 
to meet the separation requirements 
described on page 267. For special 
requirements for additional exits in 
tall buildings, see page 29 1 . 

Certain Occupancies are per- 
mitted to have only one exit from 
a floor. For a floor at grade or 
the uppermost level of a basement 
below grade, one exit is permitted 
for the following: 

■ A, M, and U Occupancies with an 
occupant load not greater than 49 
and travel distance to the exit not 
exceeding 75 ft (22.9 m) 

■ B, F, and S Occupancies with an 
occupant load not greater than 49 
and travel distance to the exit not 
exceeding 75 ft (22.9 m); or, if the 
building is fully sprinklered, with 
travel distance to the exit not ex- 
ceeding 100 ft (30 m) 

■ E Occupancies with an occupant 
load not greater than 49 and travel 
distance to the exit not exceeding 
75 ft (22.9 m), except for day care 
occupancies, with an occupant load 
not greater than 10 

■ H-2 and H-3 Occupancies with 
an occupant load not greater than 
3 and travel distance to the exit not 
exceeding 25 ft (7.6 m) or H-4 and 
H-5 Occupancies with an occupant 
load not greater than 10 and travel 
distance to the exit not exceeding 
75 ft (22.9 m) 

■ I Occupancies with an occupant 
load not greater than 10 and travel 
distance to the exit not exceeding 
75 ft (22.9 m) 



■ S Occupancies (not including 
parking) with an occupant load not 
greater than 29 and travel distance 
to the exit not exceeding 100 ft 
(30 m) 

For second stories, one exit is per- 
mitted for the following: 

■ B, F, M, and S (not including park- 
ing) Occupancies with an occupant 
load not greater than 29 and travel 
distance to the exit not exceeding 
75 ft (22.9 m) 

Certain residential occupancy con- 
ditions are also permitted one exit: 

■ Any R-3 Occupancy building. 

■ Any first-floor or uppermost 
basement level R Occupancy with 
an occupant load not greater than 
10 and travel distance to the exit 
not exceeding 75 ft (22.9 m). 

■ Second-story R-2 Occupancies 
with not more than four dwelling 
units and travel distance to the 
exit not exceeding 50 ft (15.2 m); 
this provision may be extended to 
the third floor when the building is 
provided with an NFPA 13 or 13R, 
but not 13D, sprinkler system. (See 
page 428 for more information on 
R-2 Occupancy sprinkler systems.) 

■ From within individual dwelling 
units in R-2 Occupancies, with an oc- 
cupant load not exceeding 20, with 
NFPA 13 or 13R sprinkler systems. 
Note that where single-exit floors 
are permitted by this code, com- 
mon path of egress travel limita- 
tions, as described on page 268, do 
not apply. 
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National Building Code of 
Canada 

Most buildings must have at least 
two independent exits from each 
floor. Floors of one- or two-story 
buildings may have only one exit 
if they have not more than 60 occu- 
pants and do not exceed the floor 
area and travel distance limits in 
the table at right. In the case of B 
Care, Treatment, or Detention and 
C Residential Occupancies (other 
than dwelling units), such exits 
must open directly to the exte- 
rior, without enclosed stairways, 
not more than 1 .5 m (5 ft) above the 
adjacent ground level. 

Individual dwelling units within 
Residential Occupancies are per- 
mitted to have just one means of 
egress when: 

■ A single exit door leads directly 
to the exterior not more than 1.5 m 
(5 ft) above grade and 

■ The exit door is within one story 
of every floor level within the unit, 
or the uppermost floor of the unit 
opens to an exterior balcony that 
is not more than 6 m (20 ft) above 
grade 

A-3 Open Air Assembly Occupancy 
tiers or balconies with between 
1001 and 4000 occupants must have 
at least three exits, and those with 
more than 4000 occupants must 
have at least four exits. 

Wherever more than one exit is 
required, each individual exit may 
only count toward up to one-half of 
the total required egress capacity. 



NATIONAL BUILDING CODE OF CANADA: FLOORS WITH 
SINGLE EXITS 





Unsprinklered 


Sprinklered 


Single-Exit 

Occupancies 


Maximum 
Floor Area 


Maximum 

Travel 

Distance 


Maximum 
Floor Area 


Maximum 

Travel 

Distance 


A: Assembly 


150 m^ (1615 ft2) 


15 m (49 ft) 


200 m2 (2150 ft2) 


25 m (82 ft) 


B: Care, Treat- 
ment, or 
Detention 


75 m^ (805 ft^) 


10 m (33 ft) 


100 m2 (1075 ft2) 


25 m (82 ft) 


C: Residential 


100 m2 (1075 ft2) 


15 m (49 ft) 


150 m2 (1615 ft2) 


25 m (82 ft) 


D: Business and 
Personal 
Services 


200 m2 (2150 ft2) 


25 m (82 ft) 


300 m2 (3330 ft2) 


25 m (82 ft) 


E: Mercantile 


150 m2 (1615 ft2) 


15 m (49 ft) 


200 m2 (2150 ft2) 


25 m (82 ft) 


F-2: Industrial, 
Medium-Hazard 


150 m2 (1615 ft2) 


10 m (33 ft) 


200 m2 (2150 ft2) 


25 m (82 ft) 


F-3: Industrial, 
Low-Hazard 


200 m2 (2150 ft2) 


15 m (49 ft) 


300 m2 (3330 ft2) 


25 m (82 ft) 


Occupied 

Roofs 


Two exits required if occupant 
load is greater than 60 
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DIRECT EXIT 

The simplest type of exit is a door 
opening directly from an interior 
room or space to the exterior, as 
might occur from an exhibition hall, 
theater, gymnasium, or classroom. 
Exit doors of this type do not nor- 
mally need to have a fire-resistance 
rating. 



EXIT STAIRWAYS 

Enclosed stairways are the most 
common form of exit component. 
Minimum required widths for stair- 
ways and landings depend on the 
Occupancy and the number of 
occupants served. See pages 209- 
303 for the International Building 
Code and pages 305-309 for the 
National Building Code of Canada. 
Dimensions and typical designs for 
stairways and stair enclosures are 
provided on pages 315-325. For 
provisions allowing open (unen- 
closed) exit stairways, see the fol- 
lowing text. 

In general, escalators and ele- 
vators may not serve as required 
exits in place of stairways. However, 
both the International Building 
Code and the National Building 
Code of Canada permit elevators 
to serve as a means of egress for 
disabled persons. For more infor- 
274 mation, see Accessible Means of 
Egress on pages 282-283 and 286, 
respectively. 

International Building 
Code 

The International Building Code 
requires exit stairways serving 
four stories or more to be enclosed 
within 2-hour fire-resistance rated 
construction with 1 ‘/ 2 -hour self- 
closing doors opening from each 
floor into the stairway. Enclosures 
of stairways serving fewer than 
four floors may be of 1-hour rated 
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occupant load 
calculations. 



EXIT STAIRWAYS 



construction, with 1-hour self-clos- 
ing doors. However, exit enclo- 
sures penetrating floors with a 
fire-resistance rating of 2 hours or 
more must also be 2-hour rated, 
regardless of the number of stories 
served. Exit enclosure doors open- 
ing to the exterior are not required 



to be rated. Exit enclosures are not 
required for: 

■ Stairways not counted as a part of 
the required means of egress 

■ Exit stairways within dwelling or 
sleeping units of Group R-1, R-2, or 
R-3 Occupancies 
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■ In other than Group H or I Occu- 
pancies, exit stairways connecting 
the floor level from which occupants 
leave the building to either the floor 
directly above or directly below and 
not serving an occupant load great- 
er than 10 

■ In other than H or I Occupancies, a 
stairway serving only one adjacent 
floor and providing not more than 
50% of the floor's required egress 
capacity, provided that these floors 
are not open to other floors in the 
building 

■ In a fully sprinklered building 
with other than H or I Occupancies, 
any stairways serving only the first 
and second floors of the building, 
provided that these floors are 
served by at least two independent 



exits and are not open to other 
floors 

■ Exit stairways in open parking 
garage structures or open arenas 
When designing with unenclosed 
exit stairways, be sure to check 
travel distance limits, as described 
on page 267, including travel along 
open stairs and continuing until 
an enclosed exit or exit from the 
building is reached. 

The International Building 
Code requires doors in exit enclo- 
sures serving an occupant load of 
50 or more to swing in the direc- 
tion of egress travel. So-called scis- 
sor stairs, in which two intertwined 
stairways are contained within a 
single enclosure, are considered to 
be only a single exit stairway. 



National Building Code of 
Canada 

The National Building Code of 
Canada requires the construction 
of an exit stairway enclosure to 
match the fire resistance of the floor 
assembly directly above that enclo- 
sure or, if there is no floor above, 
that of the floor below. However, 
the rating of the enclosure need 
never exceed 2 hours and it may 
never be less than % hour. Doors 
opening into the stairway must be 
self-closing and in 2-hour enclo- 
sures must be 1 ‘/ 2 -hour rated; in 
1 ‘/ 2 -hour enclosures, 1-hour rated; 
and in 1-hour or %-hour enclosures, 
54-hour rated. 
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SMOKEPROOF 

ENCLOSURES 

The model building codes require 
exit stair enclosures in tall build- 
ings to be designed as smokeproof 
enclosures to provide a higher level 
of protection to occupants exiting 
from such buildings during a fire 
emergency. In the International 
Building Code, these requirements 
apply to high-rise buildings as 
well as to buildings with signifi- 
cant underground occupancy. The 
National Building Code of Canada 
has similar requirements, most 
commonly applicable to buildings 
with occupied floors more than 
18 to 36 m (59 to 188 ft) above 
grade, depending on the type of 
Occupancy. For additional infor- 
mation about high-rise building 
requirements, see High-Rise and 
Underground Buildings, page 291, 
for the International Building Code 
and High Buildings, page 292, 
for the National Building Code of 
Canada. 

Smokeproof enclosures are 
designed to protect exit stairways 
from the entry of smoke during 
a building fire. Naturally venti- 
lated vestibules and open exte- 
rior balconies allow smoke on a 
fire-engaged floor to exhaust to 
the exterior before reaching the 
stairway. Vestibules may also rely 
on mechanical systems for smoke 
exhaust. See the accompanying 
illustrations. In fully sprinklered 
buildings, stairway enclosures 
may themselves be mechanically 
pressurized to deter smoke from 
entering the stairway, in which case 
intervening vestibules or balconies 
are not required (not illustrated). 

A stairway in a smokeproof 
enclosure must normally discharge 
into a public way, an outdoor space 
having direct access to a public 
way, or an enclosed exit passage- 
way. The International Building 
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Code also allows smokeproof exit 
enclosures to discharge through 
exit level open areas and vesti- 
bules, as described on page 280. 



EXTERIOR STAIRWAYS 
AND FIRE ESCAPES 

Both model building codes permit 
the use of exterior stairways as 
part of the building egress system. 
When designing with exterior exit 
stairways, travel distance (page 
267) is measured the same way as 
for an interior stairway, that is, up 
to the entrance to the stairway, but 
not including travel on the stairway 
itself. 

In the International Building 
Code, a stairway is considered 
exterior when at least one side 
has a minimum open area of 35 
sq ft (3.3 m^) at each floor level. 
Exterior stairways are not per- 
mitted for 1-2 Occupancies, for 



buildings taller than six stories in 
height, or for buildings with the 
highest occupied floor more than 
75 ft (22.9 m) above the lowest 
ground level. Exterior stairways 
must be constructed with solid 
treads (as distinct from open grat- 
ings), and they must not allow the 
accumulation of standing water. 
Requirements for separation of 
exterior stairways from the build- 
ing interior vary with the height 
of the building, the presence of a 
sprinkler system, the Occupancies 
involved, and the configuration of 
the egress system. See the code 
for details. 

Traditional open metal fire 
escapes are not permitted as exits 
except in very limited circum- 
stances. The International Building 
Code permits fire escapes as a 
second exit in existing buildings 
where it is impractical to con- 
struct a stair meeting current code 



requirements. Escape slides, rope 
ladders, escalators, and elevators 
cannot be counted as required 
exits. Fixed ladders are permitted 
as required exits only in certain 
mechanical spaces and industri- 
al occupancies serving a limited 
number of able-bodied workers, 
and then the ladder may serve 
only as a second means of egress 
from the space. 

In the National Building Code 
of Canada, treads and landings 
more than 10 m (33 ft) above grade 
must be protected from snow or 
ice accumulation. This code also 
permits fire escapes as a second 
exit in existing buildings where 
other forms of exit are impractical. 
Such fire escapes may serve up 
to two stories above ground, with 
B Treatment, Care, or Detention 
Occupancies, or up to five stories 
above ground, serving other occu- 
pancies. 



IS SYSTEM AND 
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REFUGE AREAS AND 
HORIZONTAL EXITS 
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A refuge area is a protected area 
within a building or an adjacent 
building to which occupants can 
retreat — ^without reliance on stair- 
ways — to escape the danger of fire. 
Such areas are required in care 
facilities where, in the case of emer- 
gency, patients must be moved to 
safety while still in their beds, and 
in detention facilities, where it is 
not practical to allow occupants to 
exit from the building. Refuge areas 
are sometimes used in very tall 
buildings, allowing larger numbers 
of occupants to escape the imme- 
diate danger of fire more quickly 
than would be possible using exit 
stairways. They can also serve as a 
component of the means of egress 
between adjacent buildings. 

In the International Building 
Code, 1-2 Medical and Custodial 
Care and 1-3 Detention and Security 
Occupancy floors must be subdi- 
vided into at least two distinct ref- 
uge areas wherever floors include 
sleeping units or treatment areas, 
or have an occupant load of 50 or 
more. Such areas are separated 
from surrounding spaces by smoke 
barriers (wall and floor assem- 
blies resistant to the passage of 
smoke but not necessarily hav- 
ing a fire-resistance rating). Each 
refuge area must provide access 
to a second independent means 
of egress. In 1-2 Occupancies, the 
refuge area occupant capacity is 
calculated as 15 sq ft (1.4 m^) per 
ambulatory occupant and 30 sq ft 
(2.8 m^) per nonambulatory occu- 
pant. Individual refuge areas can- 
not exceed 22,500 sq ft (2092 m^) 
in area. In 1-3 Occupancies, 6 sq ft 
(0.56 m^) per person is required 
and the individual refuge area 
occupant capacity cannot exceed 
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200 persons. As an alternative to 
providing separate refuge areas in 
1-3 Occupancies, residents may be 
provided with direct exit access to 
a public way, separate building, or 
secured yard or court. 

In the National Building Code 
of Canada, B-2 Medical Treatment 
and B-3 Care Occupancy floors 
must be subdivided into two or 
more refuge areas wherever floors 
include sleeping or patient rooms 
for 10 or more patients or resi- 
dents. Refuge areas are separated 
from adjacent spaces by wall and 
floor assemblies with a fire-re- 
sistance rating of 45 minutes to 1 
hour. Each refuge area must pro- 
vide access to a second indepen- 
dent means of egress. Occupant 
capacity is calculated as 1.5 m^ 
(16 sq ft) per wheelchair occu- 
pant, 2.5 m^ (27 sq ft) per bedrid- 
den occupant, and 0.5 m^ (5.4 sq 
ft) per person for other occupants. 
Individual refuge areas cannot 
exceed 1000 m^ (10,765 sq ft) in 



area. In addition, operating rooms, 
recovery rooms, delivery rooms, 
and intensive care units where 
patients cannot easily be moved 
must be separated from other 
areas by wall and floor assemblies 
with a 1-hour fire-resistance rating 
and protected from smoke infiltra- 
tion by a dedicated mechanical 
air supply system. 

Both model codes also permit 
egress through fire walls to ref- 
uge areas in separate but adja- 
cent buildings. Such horizontal exits 
are normally permitted to provide 
up to one-half of the required exit 
capacity of a story (or more in cer- 
tain medical, care, and detention 
occupancies). The refuge area must 
have sufficient capacity to accom- 
modate its own occupants plus the 
added occupants arriving through 
the horizontal exit, and it must have 
at least one additional independent 
means of egress. For more informa- 
tion on fire wall requirements, see 
page 375. 
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In other than the care, treat- 
ment, and detention Occupancies 
noted above, refuge area occupant 
capacity is calculated as 6 sq ft (0.6 
m^) per person in the International 
Building Code and as 0.5 (5.4 

sq ft) per person in the National 
Building Code of Canada. Private 
spaces inaccessible to occupants 
arriving through the horizontal exit 
should not be included in these 
calculations. 

A horizontal exit may be 
designed to function for travel in 
one direction only, as in the case of 
a building that has one exit stairway 
and a horizontal exit to an adjoining 
building that has two or more exit 
stairways. In this case, the corridors 
and lobbies of the adjoining build- 
ing serve as the refuge area for the 
first building. Or a horizontal exit 
may be designed to function for 
travel in both directions, as shown in 
the illustration on the previous page. 
In this case, the corridor on the left 
side of the building serves as an 
area of refuge for the occupants of 
the right side, and vice versa. 



EXIT PASSAGEWAYS 

An exit passageway is a horizontal 
portion of the means of egress that 
is protected from fire in the same 
manner as an enclosed exit stair. 
An exit passageway has several 
uses: It may be used to preserve 
the continuity of enclosure for an 
exit stair whose location shifts as 
it descends through the building, 
to eliminate excessive travel dis- 
tance within a floor, or to connect 
the bottom of an enclosed stairway 
to a remotely located exterior exit 
doorway. Exit passageways must 
meet the same width requirements 
as corridors, as tabulated on pages 
299-303 and 305-309. 
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exit discharge connects the 
exit to the public way or to some 
other place of safety. It can include 
both exterior and interior ele- 
ments. 

In the International Building 
Code, exterior stairways and 
ramps that are part of the exit dis- 
charge must be located at least 10 
ft (3 m) from adjacent buildings 
and property lines. When courts 
or yards serving as part of the exit 
discharge are less than 10 ft (3.0 
m) wide, building walls abutting 
the court must be 1-hour fire resis- 
tance rated, and openings in the 
walls ^/4-hour rated, for a height of 
at least 10 ft (3.0 m) above the court 
level (except R-3 Occupancies and 
courts serving fewer than 10 occu- 
pants). Where access to a public 
way cannot be provided, exits may 
discharge to a dispersal area on 
the same property located at least 
50 ft (15 m) from the building and 
providing at least 5 sq ft (0.46 m^) 
of space per person. 



LOBBIES AND VESTIBULES 

Both model codes permit some 
exits to discharge through interior 
areas in certain circumstances. 

The International Building Code 
permits up to 50% of a building's 
required egress capacity to dis- 
charge through open areas or vesti- 
bules on the ground floor level of a 
building. For areas such as lobbies: 

■ The egress pathway must be 
readily identifiable. 

■ The entire floor level must be 
separated from levels below by 
construction with a fire-resistance 
rating at least equal to that required 
for the exit enclosure. 

■ The entire floor must be sprin- 
klered, or unsprinklered portions 
must be separated from the exit 
discharge area by walls with the 
same fire-resistance rating as that 
required for the exit. 



Vestibules must be dedicated solely 
to egress, limited in dimension as 
indicated on the accompanying dia- 
gram, separated from levels below 
by construction with a fire-resis- 
tance rating equal to that required 
of the exit, and separated from the 
remainder of the building by the 
equivalent of %-hour fire-resistance 
rated partitions or glazing. 

The National Building Code of 
Canada permits no more than one 
exit to pass through a lobby, pro- 
vided that: 

■ The lobby floor is not more than 
4.5 m (148 ft) above grade 

■ The path of travel through the 
lobby to the exterior does not 
exceed 15 m (49 ft) 

■ The lobby does not provide direct 
access to B-3 Care, C Residential, or 
F Industrial Occupancies 

■ The lobby is not part of an inter- 
connected floor space (see page 
373) except as permitted for exit 
stairs 

■ The remainder of the exit is 
separated from the lobby by a 
standard exit enclosure 

■ The lobby is separated from 
other areas by assemblies with the 
same rating required for an exit 
enclosure, except that, if the floor 
is fully sprinklered, separations do 
not require a fire-resistance rating 



REVOLVING DOORS 

Revolving doors are permitted as 
exit discharge components, pro- 
vided that they are constructed so 
as to allow free passage in a panic 
situation by collapsing under pres- 
sure into a book-fold position. 

The International Building Code 
limits revolving doors to a capacity 
of 50 persons per door and, in total, 
to no more than half the required exit 
capacity of a building. There must 
be a swinging door in the same wall 
and within 10 ft (3 m) of the revolving 
door, and revolving doors may not 
be located within 10 ft (3 m) of the 
foot or top of a stair or escalator. 

The National Building Code of 
Canada limits the exit capacity 
of each revolving door to 45 per- 
sons and permits revolving doors 
to serve as egress for ground- 
floor occupants only. Swinging 
doors must be located adjacent 
to revolving doors, and revolving 
doors must not be located at the 
foot of a stairway. Alternatively, 
specially designed electrically 
powered revolving doors are per- 
mitted for higher occupant capac- 
ities and without adjacent swing- 
ing doors. 





ACCESSIBLE ROUTES 



1 he goal of accessibility legis- 
lation in both the United States 
and Canada is to provide people 
with physical limitations full access 
to nearly all types of buildings, 
including, for example, govern- 
ment buildings, schools, houses 
of worship, retail establishments, 
places of business, public and pri- 
vate transportation facilities, bars, 
restaurants, hotels, housing, places 
of entertainment and culture, recre- 
ational facilities, and places of work. 
Buildings and their surroundings 
must provide continuous, unob- 
structed routes by which physically 
disabled persons can park their 
vehicles or disembark from public 
transportation, approach the build- 
ing, enter, reach virtually any point 
in the building, and gain access to 
the same amenities and activities 
available to others, such as retail 
counters, ticket windows, drinking 
fountains, toilet and washroom fix- 
tures, public telephones, and spec- 
tator seating. 

This section summarizes 
accessibility requirements of the 
two model building codes as they 
affect the form and organization of 
buildings. It does not address all 
technical requirements or occu- 
pancy circumstances addressed 
by these codes or the require- 
ments of other accessibility regu- 
lations that may be enacted at pro- 
vincial, state, or national levels. Be 
sure to consult the building code 
and other regulations applicable 
to your project as your building 
design progresses. 



THE INTERNATIONAL 
BUILDING CODE 

In the International Building Code, 
most buildings and spaces are 
required to be made accessible for 
persons with physical disabilities. 
Exceptions include the following: 

■ Detached one- and two-family 
dwellings 



■ Most Occupancy Group U Utility 
and Miscellaneous buildings 

■ R-1 Occupancy hotel and motel 
buildings when owner-occupied 
and containing not more than five 
sleeping units 

■ Certain common-use portions of 
detention and correctional facilities 

■ Single-occupant structures, such 
as toll booths, accessed primarily 
by underground tunnels or over- 
head walkways 

■ Raised areas, such as guard 
towers or observation galleries, 
used for security or life safety 

■ Equipment spaces, service 
spaces, and nonoccupiable limited- 
access spaces 

Accessibility requirements for 
employee work areas are gener- 
ally limited to common use circula- 
tion paths such that persons with 
disabilities can enter and exit the 
work area. Where an exempt resi- 
dential structure includes day care 
or live/work facilities, these non- 
residential portions of the structure 
must be made accessible. 

Where a building is required 
to be accessible, its main entrance 
and not less than 60% of all of its 
public entrances must be acces- 
sible, and accessible routes must 
lead to each portion of the build- 
ing. If only one accessible route 
is provided within a building, it 
may not pass through kitchens, 
storage rooms, restrooms, or other 



such ancillary spaces. However, in 
dwelling units, a single accessible 
route may pass through a kitchen 
or storage room. 

In multilevel buildings, an 
accessible route must connect 
each level, including mezzanines, 
except: 

■ Floors and mezzanines above or 
below accessible levels, not more 
than 3000 sq ft (280 m^) in area, 
unless such floors contain offices of 
health care providers, passenger 
transportation facilities, or five or 
more M Occupancy tenant spaces 

■ Levels themselves not required 
to be accessible 

■ In two-story buildings, a single 
story with an occupant load of five 
or less and not containing public 
use space 

Key dimensional criteria in the 
design of accessible routes include 
the following: 

■ Corridors,passages,anddoorways 
without doors must be at least 36 in. 
(915 mm) wide. Projections not more 
than 24 in. (610 mm) in length, and 
spaced at least 48 in. (1220 mm) 
apart, may reduce the passage width 
to not less than 32 in. (815 mm). 

■ Walking surfaces, except for 
ramps, may not be sloped greater 
than 1:20. 

■ Doorway openings must have 
a minimum 32-in. (815-mm) clear 
width. 
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■ Latchside clearance for manually 
operated doors varies from 12 
in. (305 mm) to 42 in. (1065 mm), 
depending on the manner in 
which the door is approached. 
When directly approaching a door 
opening on its pull side, 18 in. (445 
mm) is required. 

■ The minimum diameter of a 
wheelchair turning circle is 60 in. 
(1525 mm). 

■ Ramps may not slope greater 
than 1:12, must have a minimum 
clear width of 36 in. (915 mm) 
between handrails, and may not 
rise more than 30 in. (760 mm) 
between landings. Landings must 
be not less than 60 in. (1525 mm) 
in length. 

Elevator car minimum clear inside 
dimensions vary with the size and 
position of the elevator car door: 

■ With a 36-in. (915-mm) clear door 
opening in any location: 60 in. (1525 
mm) wide by 60 in. (1525 mm) deep 
or 54 in. (1370 mm) wide by 80 in. 
(2030 mm) deep 

■ With a 36-in. (915-mm) clear door 
opening, offset to one side: 68 in. 
(1725 mm) wide by 51 in. (1295 
mm) deep 

■With a 42-in. ( 1 065-mm) clear door 
opening, centered: 80 in. (2030 mm) 
wide by 51 in. (1295 mm) deep 

282 Though not strictly speaking an 

accessibility requirement, where 

one or more elevators are provided 
in a building with floors four or more 
stories above or below grade-level 
access, the International Building 
Code requires that at least one ele- 
vator serving all stories be large 
enough to accommodate a medical 
stretcher 24 in. (610 mm) wide and 
84 in. (2134 mm) long and its atten- 
dants. The code does not specify 
minimum car dimensions that sat- 
isfy this requirement. For prelimi- 
nary design purposes, the following 
may be considered one example of 
acceptable minimum size: 




INTERNATIONAL BUILDING CODE EXAMPLE OF AN ACCESSIBLE 
DOORWAY AND APPROACH 



68" (1 725 mm) min. 




36" (915 mm) min. 




INTERNATIONAL BUILDING CODE AND NATIONAL BUILDING 
CODE OF CANADA EXAMPLE ACCESSIBLE ELEVATORS 



■ With a 42-in. (1 065-mm) clear 
door opening, offset to one side: 80 
in. (2032 mm) deep by 54 in. (1372 
mm) wide 

Accessible Means of Egress 

Wherever spaces are required to 
be accessible, at least one acces- 
sible means of egress (exit route) 
must also be provided. Where two 
or more conventional means of 
egress are required from any area, 
there must be at least two acces- 
sible means of egress. Such means 
of egress may include level acces- 



sible routes, accessible ramps, hor- 
izontal exits, areas of refuge, and 
appropriately designed stairways 
or elevators. In certain limited cir- 
cumstances, platform lifts are also 
permitted to form part of an acces- 
sible means of egress. 

Most buildings with accessi- 
ble floors above or below grade 
rely on egress stairways as part of 
the required accessible means of 
egress. These stairways must be 
at least 48 in. (1219 mm) in clear 
dimension between the handrails, 
meaning that the overall width of 
the stair must be approximately 
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56 in. (1400 mm), unless the build- 
ing is fully sprinklered or the stair- 
way is accessed from a horizontal 
exit. These stairways must also be 
provided with an area of refuge 
(see below) unless the building is 
fully sprinklered, the stairway is 
accessed from a horizontal exit, or 
the stairway serves an open park- 
ing garage or an R-2 Occupancy. 
Both enclosed and open stairways 
are permitted. 

In buildings with accessible 
floors four or more stories above 
or below grade (for example, a 
five-story building), at least one 
accessible means of egress must 
consist of an elevator with a secure 
power supply. Alternatively, 
in a fully sprinklered building, 
floors above ground level may be 
served by horizontal exits (page 
278) instead of an elevator. Fully 
sprinklered sports stadiums or 
other structures with accessible 
ramps serving each level are also 
exempt from this requirement. 
Where elevators are used, they 
must be provided with an area 
of refuge (see below) unless the 
building is fully sprinklered, the 
elevator is accessed from a hori- 
zontal exit, the elevator itself does 
not require an enclosed shaft, or 
the elevator serves an open park- 
ing garage. 

Where required, an area of ref- 
uge must have direct access to 
the stairway or elevator it serves. 
It must be clearly identified with 
visual and tactile signage with- 
in the enclosure, protected from 
smoke and fire, provided with 
instructions for use, and provided 
with two-way electronic commu- 
nications with the primary entry 
point of the building. 

Areas of refuge may be con- 
structed in a variety of ways: as 
enlarged floor-level landings 
within a stairway enclosure, areas 
within a rated corridor, outdoor 
balconies leading to an exit stair- 



way, enclosed vestibules, or eleva- 
tor lobbies constructed as smoke- 
proof enclosures. A wheelchair 
space 30 X 48 in. (760 X 1220 mm) 
must be provided for every 200 
occupants on each floor. These 
refuge spaces must not encroach 
into the required egress paths, 
and where multiple spaces are 
required, wheelchairs cannot be 
stacked more than two deep. 



Accessible Dwelling and 
Sleeping Units 

In the International Building Code, 
accessibility requirements for 
sleeping and dwelling units apply 
to some extent to the following resi- 
dential occupancies: 

■ Hotels and motels 

■ Apartment buildings and condo- 
miniums 
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■ Nursing homes and assisted 
living facilities 

■ Boardinghouses, residential ho- 
tels, and motels 

■ Hospices and homeless shelters 

■ Corporate housing, dormitories, 
and migrant worker housing 

■ Seasonal vacation units and time- 
share units 

■ Residential structures com- 
prised of four or more dwelling or 
sleeping units 

Where accessibility requirements 
apply, dwelling or sleeping units 
must achieve one of three levels of 
accessibility. Accessible units are 
the most fully accessible. These 
units must meet all clear space 
and maneuverability requirements 
for wheelchair navigation and pro- 
vide fully accessible work surfac- 
es, fixtures, and equipment. Type 
A units must meet the same wheel- 
chair clear space and maneuver- 
ability requirements as Accessible 
units. But other elements, such 
as special-height work surfaces 
and toilet room grab bars, are 
not required in this unit type as 
long as provision is made for their 
installation at a later date. Type B 
units provide the lowest level of 
accessibility. Wheelchair maneu- 
verability requirements are less 
Stringent, and some parts of units 
284 (for example, sunken living rooms 
or mezzanine-level bedrooms) 
need not be accessible. 

Accessible Units: For 

Accessible unit requirements, see 
the table on this page. For Occupancy 
Group R-1, requirements should be 
based on the total number of sleep- 
ing or dwelling units on a site, even 
when these units are contained in 
multiple detached buildings. 

Type A Units: Group R-2 
Residential buildings not required 
to provide Accessible units are sub- 
ject to Type A unit requirements. 
This includes apartment houses 
constructed without federal gov- 



Occupancy 


Minimum Number of 
Accessible Units 


Group I-l supervised residential facilities 


4%, but not less than 1 


Group 1-2 nursing homes 


50%, but not less than 1 


Group 1-2 hospitals and rehabilitation facilities 


10%, but not less than 1 


Group 1-2 hospitals and rehabilitation facilities 
specializing in the treatment of patients with 
impaired mobility 


100% 


Group 1-3 detention and security facilities 


2%, but not less than 1 


Group R-1 hotels and motels, and Group R-2 
boardinghouses, dormitories, fraternity 
houses, sorority houses, and any other facili- 
ties constructed with federal government 
funding 




With 1 to 25 units total 


1 


With 26 to 50 units total 


2 


With 51 to 75 units total 


4 


With 76 to 100 units total 


5 


With 101 to 150 units total 


7 


With 151 to 200 units total 


8 


With more than 200 units total 


Approximately 3%; see the 
code for exact numbers 


Group R-2 apartment houses and condominiums 
constructed without federal goverment 
funding, monasteries, and convents 


None (see Type A unit 
requirements in the text) 


Group R-3 one- and two-family residences and 
townhouses 


None 


Group R-4 assisted living facilities 


1 



ernment funding, monasteries, and 
convents. When they contain more 
than 20 dwelling or sleeping units, 
at least 2% but never less than one 
unit in these building types must 
be Type A. 

Type B Units: In the following 
occupancy type buildings, where 
one building or multiple attached 
buildings contain four or more 
dwelling or sleeping units com- 
bined, all such units that are not 
Accessible or Type A must meet the 
requirements of at least Type B units: 
Groups I-l, 1-2, R-2, R-3, and R-4. 

This requirement also applies 
to Group R-1 hotels and motels to 
the extent that units in these build- 



ings are occupied as permanent or 
semipermanent residences rather 
than as transitory accommodations. 
For example, where rooms in a 
hotel or motel are conventionally 
let out to overnight or short-term 
guests. Type B unit requirements 
do not apply. However, where such 
units may be used for extended- 
stay housing or as seasonal vaca- 
tion units, they are considered 
occupied as residences, and com- 
pliance with Type B unit require- 
ments is mandatory. Any sleeping 
accommodation occupied continu- 
ously for more than 30 days should 
be considered occupied as a resi- 
dence. In addition, accommoda- 
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tions occupied for shorter periods 
may at times fall into this category 
when the nature of the occupancy, 
terms of payment, amenities pro- 
vided, and other such factors are 
considered. 

Where residential buildings do 
not have elevator service to all 
floors, or where site impracticality 
limits accessibility, a reduction in 
the number of required Type A or 
B units may be permitted. See the 
code for details. 

Additional Accessibility 
Information 

Other aspects of design for the 
physically disabled are addressed 
elsewhere in this book: For acces- 
sible wheelchair space require- 
ments in assembly seating areas, 
see page 290; for accessibility 
requirements for toilet and bath- 
ing facilities, see page 196; and for 
accessible parking requirements, 
see pages 334-335. 



BARRIER-FREE DESIGN 
IN THE NATIONAL 
BUILDING CODE OF 
CANADA 

The National Building Code of 
Canada requires all buildings to be 
barrier-free except: 

■ Single-family residences, in- 
cluding detached and semi-de- 
tached houses, duplexes, triplexes, 
townhouses, row houses, board- 
inghouses, and secondary suites 
in one- or two-family houses 

■ Buildings with Group F-1 High- 
Hazard Industrial as their principal 
Occupancy 

■ Buildings not intended to be 
occupied daily or full-time, such as 
automatic telephone exchanges, 
pump houses, and electrical 
substations 

Where a building is required 
to be barrier-free, its princi- 
pal entrance, and not less than 



one-half of all of its pedestrian 
entrances, must be barrier-free. 
Where barrier-free access is 
required, barrier-free paths of 
travel must be provided through- 
out entrance stories and other 
normally occupied floor areas 
served by passenger elevators 
or other accessible means. Where 
escalators provide public access 
to multiple levels, alternative bar- 
rier-free means of access must 
be provided. Barrier-free paths 
of travel to the following locations 
are not required: 

■ Building service areas, crawl- 
spaces, attics, rooftops, janitor's 
rooms, elevator machine rooms 

■ Floor levels not served by a 
passenger elevator, passenger- 
elevating device, escalator, or 
moving walk 

■ Mezzanines not served by 
passenger elevators or other 
accessible means 

■ Portions of fixed-seating floor 
areas within assembly occupancies 
not part of the path of travel to 
designated wheelchair spaces 

■ Portions of residential occupancy 
suites not at the entrance level 

■ Sunken or raised portions of 
floor areas not at the same level as 



the entrance level, provided that 
similar accessible amenities are 
provided at the entrance level 

■ F-1 High Hazard Industrial 
Occupancy areas 

Key dimensional criteria in the 
design of barrier-free routes 
include the following: 

■ Corridors, passages, and door- 
ways without doors must be at least 
920 mm (36% in.) wide. Barrier-free 
paths longer than 30 m (98 ft) must 
provide a passing/turning space 
not less than 1500 mm (59 in.) 
square at intervals not exceeding 
30 m (98 ft). 

■ Walking surfaces, except for 
ramps, may not be sloped greater 
than 1:20. 

■ Doorway openings must have a 
minimum 800-mm (31!/2-in.) clear 
width. 

■ Latch-side clearance for manually 
operated doors is 600 mm (24 in.) 
for doors swinging toward the 
approach side and 300 mm (12 in.) 
for doors swinging away from the 
approach side. 

■ The minimum diameter of a 
wheelchair turning circle is 1500 
mm (59 in.). 
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1400 mm (5514") min. 




NATIONAL BUILDING CODE OF CANADA EXAMPLE OF A BARRIER-FREE 
DOORWAY AND APPROACH 



■ Ramps may not slope greater than 
1:12, must have a minimum clear 
width of 870 mm (34Vi in.) between 
handrails, and may not exceed a 
horizontal distance of 9 m (29 ft 6 
in.) between landings. Landings at 
the top and bottom of ramps must 
be not less than 1500 mm (59 in.) 
square. At intermediate points 
within the ramp, landings must be 
at least as wide as the ramp and not 
less than 1200 mm (48 in.) in length. 

Elevator car minimum clear 
inside dimensions are iden- 
tical to the requirements of the 
International Building Code and 
are repeated here for convenience. 
Minimum size requirements vary 
with the size and position of the 
elevator car door (see the illustra- 
tions on page 282): 

■ With a 915-mm (36-in.) clear 
door opening in any location: 1525 
mm (60 in.) deep by 1525 mm (60 
in.) wide or 2030 mm (80 in.) deep 
by 1370 mm (54 in.) wide 

■ With a 915-mm (36-in.) clear 
door opening, offset to one side: 
1295 mm (51 in.) deep by 1725 mm 
(68 in.) wide 

■ With a 1065-mm (42-in.) clear 
door opening, centered: 1295 mm 
(51 in.) deep by 2030 mm (80 in.) 
wide 

Though not strictly speaking a 
286 requirement for barrier-free access, 
where one or more elevators are 
provided in a building, the National 
Building Code of Canada also 
requires that at least one elevator 
serving all stories be large enough 
to accommodate a medical stretch- 
er 610 mm (24 in.) wide and 2010 
mm (79 in.) long and its attendants. 
The code does not specify mini- 
mum car dimensions that satisfy 
this requirement but does provide 
the following examples of recom- 
mended configurations: 

■ An elevator car with minimum 
clear interior dimensions of 2032 
mm (80 in.) by 1295 mm (51 in.). 



with a 1067-mm (42-in.) clear door 
opening offset to one side of the 
2032-mm side 

■ An elevator car with minimum 
clear interior dimensions of 2032 
mm (80 in.) by 1295 mm (51 in.), 
with a 915-mm (36-in.) clear door 
opening on the 1295-mm side of 
the car 

Barrier-Free Egress 

In the National Building Code of 
Canada, every accessible floor 
above or below the ground entrance 
level that is not sprinklered through- 
out must include at least one of the 
following provisions for the tempo- 
rary refuge or rescue of occupants 
requiring assistance. 

Elevator service meeting the 
requirements for firefighter use 
may be provided. Elevator entranc- 
es must be protected by 1-hour 
or 45-minute rated vestibules or 
corridors separating the entrances 
from surrounding floor areas. If the 
building is four or more stories in 
height, the elevator hoistway must 
be provided with smoke protection 
as well. 

Such floors may be divided 
into at least two separate areas 
of refuge by 1-hour or 45-min- 
ute rated fire separation walls. 



Travel distance from any point on 
the floor to a doorway leading to 
a separate refuge area may not 
exceed the limits in the table on 
page 306. The minimum size of 
such areas should be based on 
the number of occupants served, 
calculated according to the guide- 
lines provided on page 278. 

In residential occupancies, exte- 
rior balconies serving each suite or 
floor area may be provided. Such 
balconies must not be less than 1.5 
m (59 in.) in depth, and must pro- 
vide not less than 1.5 m^ (16.1 sq 
ft) of area for each nonambulatory 
occupant and 0.5 m^ (5.4 sq ft) for 
each ambulatory occupant. 

If site grading permits, this 
requirement may also be met 
by providing an exterior exit at 
ground level or a ramp leading to 
ground level. 

Additional Information on 
Barrier-Free Design 

Other aspects of barrier-free 
design are addressed elsewhere 
in this book: For wheelchair space 
requirements in assembly seating 
areas, see page 290; for accessi- 
bility requirements for toilet and 
bathing facilities, see page 198; 
and for accessible parking require- 
ments, see pages 334-335. 




EGRESS FROM AUDITORIUMS, CONCERT HALLS, AND THEATERS 



Assembly rooms, with their intense 
concentration of occupants, require 
special egress provisions to protect 
life safety. Two approaches to fixed 
seating arrangements are possible: 
In conventional seating, the length 
of seating rows is more limited, and 
a network of broad aisles is laid 
out to conduct the audience to a 
relatively small number of exits. In 
continental seating, longer rows of 
seating are permitted. Rows must 
be spaced farther apart, and more 
exit doors must be provided. The 
International Building Code and the 
National Building Code of Canada 
permit both approaches to assem- 
bly seating, although in a single 
consolidated set of egress require- 
ments applicable to both types. 

In the International Building 
Code, where assembly spaces serve 
more than 300 occupants (includ- 
ing A Occupancies and accessory 
assembly spaces in E Occupancies) , 
the main exit of the building must 
provide egress capacity for at least 
half of the assembly occupant load. 
Each assembly space level having 
an occupant load greater than 300 
must also provide access to both the 
main exit and alternative exits, also 
with an aggregate capacity equal 
to at least one-half the required 
exit capacity for that level. For A 
Occupancies, the main exit must 
front a public way. Alternatively, 
assembly spaces may be designed 
without a defined main exit, where 
multiole exits are distributed 




around the perimeter of the build- 
ing. Interior balconies, galleries, 
and press boxes with occupant 
loads of 50 or more must also be 
provided with two remote means of 
egress, at least one of which leads 
directly to an exit. 

See the table on the following 
pages for egress width require- 
ments for assembly seating areas 
in both model building codes. In 



the table, clear row spacing leteis to 
the spacing between rows, as illus- 
trated in the diagram on this page. 
In the International Building Code, 
assembly spaces designed with 
special smoke control provisions 
are permitted reductions in seating 
row and aisle width, and increases 
in travel distances, particularly for 
spaces with larger occupant loads. 
Consult the code for details. 




distance to 




m 

ui 

U 

U 

u 

u 

r 1 ^ 

U v> 

s u 
H o 
u 

H! 
U 

M 

Q 

P 

O 
h 



U 

u 

l-l 

[m 

o 

u 



287 




EGRESS FROM AUDITORIUMS, CONCERT HALLS, AND THEATERS 





Seating 


Aisles 




International 
Building Code 


For a row with egress at both ends: 
Maximum row length: 100 seats 
Minimum clear row spacing: 12" 
(305 mm) plus 0.3" (7.6 mm) for 
every seat above 14 

For a row with egress at one end only: 

Maximum length: Limited by 
common path of egress travel 
Minimum clear row spacing: 12" 
(305 mm) plus 0.6" (15.3 mm) for 
every seat above 7 

In all cases, maximum required clear 
row spacing is 22" (559 mm). 


Aisle width: 

Minimum: 30" (762 mm) for aisles serving not more than 14 
seats; 36" (914 mm) for aisles serving seating on one side, 
or not more than 50 seats on two sides; 42" (1067 mm) for 
aisles serving more than 50 seats on two sides 

For occupant load: Not less than 0.2" (5.1 mm) per person 
for aisles sloped not more than 1:12, or 0.22" (5.6 mm) per 
person for aisles with greater slopes 

Aisles providing egress at only one end may vary in width; 
aisles with egress at both ends must be uniform in width. 

Longest dead-end aisle: 20' (6 m), unless seats served by a 
dead-end aisle are within no more than 24 seats of another 
aisle and minimum clear row spacing is as required for 
rows with egress on one end only 

Aisle termination: Cross-aisles sized the same as above, 
considering combined capacity of all converging aisles 

Maximum slope of aisle: 1 :8 




National 
Building Code 
of Canada 


Continental seating: 

Maximum row length: 100 seats, 
with exit doorways provided at the 
end of each row, each doorway 
serving not more than three rows 
Minimum clear row spacing: 400 
mm (15.8") 

Conventional seating: 

Maximum row length: 7 seats with 
backs, or 20 seats without backs 
between any seat and an aisle 

Minimum clear row spacing: 400 
mm (15.8") 


Aisle width: 

Minimum: 750 mm (29.5") when serving not more than 60 
seats; 900 mm (35.4") when serving seats on only one side 
of the aisle; 1 100 mm (43.3") when serving 60 or more seats 
on two sides 

Increase the minimum aisle widths stated above in the 
direction of egress travel by 25 mm (1") for each meter of 
length from the aisle's most remote point. 

Tiisles providing egress at only one end may vary in width; 
aisles with egress at both ends must be uniform in width. 

Longest dead-end aisle: 6 m (19'-8") 

Tlisle termination: At cross-aisles, foyers, or exits with a 
width equal to the width of the widest aisle served, plus 
50% of the width of the remaining aisles served 





Maximum slope of aisle: 1:8 






EGRESS FROM AUDITORIUMS, CONCERT HALLS, AND THEATERS 





Aisle Stairs and Handrails 


Egress Travel Limits 
(pp. 267-268) 




Minimum tread depth: 11" (279 mm) 

Maximum riser height: 8" (203 mm); up to 9" (229 mm) permitted where 
necessitated by slope of adjacent seating 

Minimum riser height: 4" (102 mm) 

Minimum stair width: 36" (914 mm) for stairs serving seating on one 
side or not more than 50 seats on two sides, or 48" (1219 mm) for stairs 
serving more than 50 seats on two sides. 

Stairs width for occupant load: Not less than 0.3" (7.6 mm) per person 
for stairs with risers not greater than 7" (178 mm); add an additional 
0.005" (0.13 mm) per person for each additional 0.1" (2.5 mm) of riser 
height; where egress requires stair descent and no handrail is within 30" 
(762 mm) to either side, add an additional 0.005" (0.13 mm) per person. 

Handrails required: 7U1 stairs; ramped aisles sloped more than 1:15 

Handrails subdividing stairs or aisles serving seats on both sides may 
be discontinuous to allow aisle access; the minimum space between the 
handrail and adjacent seating is 23" (574 mm). 

Minimum tread depth: 11" (279 mm) 

Maximum riser height: 8" (203 mm); up to 9" (229 mm) permitted where 
necessitated by slope of adjacent seating 

Minimum riser height: 4" (102 mm) 


Maximum travel distance to an exit: 
Unsprinklered: 200' (6 1 m) 
Sprinklered: 250' (76 m) 

In open air seating: 400' (122 m) to the 
exterior, or unlimited in Type I or II 
Construction 

Maximum common path of egress travel: 

Areas serving not more than 50 occu- 
pants: 75' (23 m) 

Other areas: 30' (9 m) 




Minimum tread depth: 230 mm (9.1") 
Maximum riser height: 200 mm (7.9") 
Minimum riser height: 110 mm (4.3") 
Stair width: See page 291. 

Handrails: No special requirements 


Maximum travel distance to an exit: 

Unsprinklered and sprinklered: 45 m 
(148') 







CONFIGURING THE EGRESS SYSTEM AND 
PROVIDING ACCESSIBLE ROUTES 







WHEELCHAIR REQUIREMENTS FOR ASSEMBLY SEATING 



WHEELCHAIR SEATING 
CAPACITY 

In Assembly spaces, minimum 
accommodations for wheelchair 
seating must be provided accord- 
ing to the adjacent table. 

The International Building 
Code requires that wheelchair 
spaces within luxury suites or 
boxes be allocated within individ- 
ual suites, and across all suites, 
according to the same rates. For 
example, a luxury box with 4 seats 
requires at least one wheelchair 
space, a box with 40 seats requires 
two such spaces, and 10 boxes of 3 
seats each (30 seats total) require 
at least two wheelchair spaces 
among them. 



SIZE AND ARRANGEMENT 
OF WHEELCHAIR 
SEATING PLACES 

The International Building Code 
requires wheelchair spaces to be 
at least 36 in. (914 mm) wide for 
single-chair spaces and at least 33 
in. (838 mm) wide each for mul- 
tiple adjacent spaces. At least one 
290 fixed seat for a companion must 
be provided beside each required 
wheelchair space. Wheelchair 



Code 


Total Capacity 


Wheelchair Seating 


International Building Code 


4-25 


1 




26-50 


2 




51-100 


4 




101-300 


5 




301-500 


6 




501-5000 


6, plus 1 additional for each 
150 seats or portion thereof 




5001 and over 


36, plus 1 additional for each 
200 seats or portion thereof 


National Building Code of 


2-100 


2 


Canada 


101-200 


3 




201-300 


4 




301-400 


5 




401-500 


6 




501-900 


7 




901-1300 


8 




1301-1700 


9 




1701 and over 


9, plus 1 additional for each 
400 seats or portion thereof 



spaces must be an integral part of 
the space seating plan. They must 
be separated into not less than 
the number of distinct locations 
indicated in the adjacent table, and 
these locations must be dispersed 
to provide a variety of viewing 
angles and distances, and offer 
access to multiple seating levels 
and varying amenities. 

The National Building Code of 
Canada requires wheelchair spac- 
es to be at least 900 mm (35.4 in.) 


wide, and if entered from the front 
or rear, at least 1220 mm (48 in.) 
deep, or if entered from the side, 
at least 1525 mm (60 in.) deep. 
Wheelchair spaces should be 
arranged so that at least two such 
spaces are located side by side. 
They should not infringe on any 
other egress path or width require- 
ments. And they should be distrib- 
uted so as to provide a choice of 
viewing location and a clear view 
of the event taking place. 


Minimum Number of 
Separate Wheelchair 

Code Total Capacity Locations 


International Building Code Up to 150 


1 


151-500 


2 


501-1000 


3 


1001-5000 


3, plus 1 additional for each 
1000 seats or portion 
thereof 


5001 and over 7, plus 1 additional 2000 

seats or portion thereof 
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INTERNATIONAL 
BUILDING CODE 

Emergency Exterior Door 
or Window Egress 

In I-l and R Occupancies, base- 
ment levels and all sleeping rooms 
on any level below the fourth story 
must have an exterior door or 
window opening for emergency 
escape and rescue that opens to a 
public way, or to a yard or court that 
leads to a public way. These open- 
ings must have a sill height of not 
more than 44 in. (1118 mm), mini- 
mum clear opening dimensions of 
24 in. (610 mm) high by 20 in. (508 
mm) wide, and minimum opening 
area of at least 5.7 sq ft (0.53 m^). 

Emergency escape windows or 
doors are not required for: 

■ In other than R-3 Occupancies, 
buildings that are fully sprinklered 

■ In other than R-3 Occupancies, 
sleeping rooms with a door opening 
to a fire-rated corridor with access 
to two remote exits in opposite 
directions 

■ Sleeping rooms with a door 
opening directly to a public way, or 
to a yard, court, or an exit balcony 
leading to a public way 

■ Basements with a ceiling height 
of less than 80 in. (2030 mm), or 
with no habitable space and less 
than 200 sq ft (18.6m^) in area 

■ Buildings over 75 ft (23 m) tall 
conforming to the code require- 
ments for high-rise buildings 

Emergency escape windows 
and doors may also open onto inte- 
rior atrium balconies, provided that 
the balcony leads to an exit and 
that the dwelling unit has a second 
independent means of egress that 
does not pass through the atrium. 



High-Rise Building Egress 

High-rise buildings are defined as 
those with occupied floors more 
than 75 ft (23 m) above the lowest 
level from which firefighters can 
deploy ground-based firefighting 
equipment, excluding open park- 
ing garages, airport traffic control 
towers, outdoor sports arenas, and 
some low- and medium-hazard 
industrial tall buildings. Special 
egress requirements for high-rise 
buildings include the following: 

Exit Separation: Entrances to 
at least two exit stairways must be 
separated by a straight line mea- 
surement of not less than 30 ft (9.1 
m) or one-fourth the largest diago- 
nal measurement of the floor area 
served, whichever is less. 

Number of Exits: Where the 
highest roof of a building with 
other than R-2 Occupancy is 
more than 420 ft (128 m) above 
grade, the number of required 
exits increases by one from the 
quantities described on page 272 
(three exits for fewer than 500 
occupants, four exits for fewer 
than 1000 occupants, etc.). Exit 
capacity must also be increased 
and balanced among the exits 
such that the loss of any single 
exit does not reduce the remain- 
ing exit capacity to less than that 
required for the occupant load of 
the area served. 

Smokeproof Exit Enclosures: 
Exit stairs must be protected 
by smokeproof enclosures, as 
described on page 276. 

Emergency Escape and 
Rescue Openings: Emergency 
escape openings, as described 
above on this page, are not required 
(for bedrooms at any level or for 
basements). 



Fire Service Access Elevator: 

In buildings with occupied floors 
higher than 120 ft (37 m) above 
grade, at least one elevator 
designed to provide fire service 
access must serve every floor in 
the building. This elevator must 
travel within an enclosed hoist- 
way and open to enclosed lobbies 
at each floor. These lobbies must 
have a minimum area of 150 sq ft 
(14 m^) and a minimum dimen- 
sion of 8 ft (2.4 m) and must have 
direct access to an enclosed exit 
stair. Fire service lobbies do not 
need to be enclosed at the ground 
floor level. Special elevator power, 
control, and monitoring systems 
are also required. Fire service 
access elevators can function as 
conventional passenger or freight 
elevators during normal building 
operation. 

Occupant Evacuation Eleva- 
tors: Elevators specially designed 
for occupant self-evacuation during 
emergencies are also permitted, 
though not required. When used, 
such elevators can take the place 
of the required additional exit stair- 
way described in Number of Exits 
above. Requirements for occupant 
evacuation elevators are similar to 
those for fire service access eleva- 
tors. Elevator lobbies must be sized 
as follows: 

■ At least 25% of the floor occupant 
load must be accommodated, at 
the rate of 3 sq ft (0.28 m^) per 
person. 

■ One wheelchair space per 50 
occupants (or portion thereof) must 
be provided. 

One elevator can serve for both 
fire service access and occupant 
evacuation. 
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OTHER EGRESS REQUIREMENTS 



Underground Building 
Egress 

Underground buildings are defined 
as those with occupied floors more 
than 30 ft (9 m) below grade, exclud- 
ing fully sprinklered enclosed 
garages, stadiums, arenas, and 
similar facilities, fixed guideway 
transit systems, fully sprinklered 
one- and two-family dwellings, and 
buildings in which only the lowest 
story is more than 30 ft (9 m) below 
grade and that story is no more 
than 1500 sq ft (139 m^) in area, 
with an occupant load of less than 
10. Special egress requirements for 
underground buildings include the 
following: 

Number of Exits: At least two 
exits are required from every floor. 

Smokeproof Exit Enclosures: 
Exit stairs must be protected 
by smokeproof enclosures, as 
described on page 276. 

Smoke Compartmentation: 
Buildings with floors more than 60 
ft (18 m) below grade must have 
each floor, up to the highest level of 
exit discharge, divided into at least 
two compartments with a 1-hour 
separation between them. Where 
elevators are provided, each com- 
partment must have direct access 
to an elevator. Or, where one eleva- 
tor serves multiple compartments, 
a lobby with a 1-hour separation 
292 from each compartment must be 
provided. 



NATIONAL BUILDING 
CODE OF CANADA 

Small Buildings 

The National Building Code of 
Canada includes distinct require- 
ments for Housing and Small 
Buildings, that is, buildings not 
greater than 600 m^ (6458 sq ft) in 
horizontal extent, not greater than 
three stories in height, and serving 
only C Residential, D Business and 



Personal Services, E Mercantile, 
and F-2 or F-3 Medium- or Low- 
Hazard Industrial Occupancies. 
Some of the significant differences 
in requirements for buildings of 
this type are as follows. See the 
code for more details. 

■ Apartment buildings without 
elevators need only provide barrier- 
free access to the entrance level of 
the building. Where the difference 
in elevation between the entrance 
level and all dwelling units exceeds 
600 mm (24 in.), no barrier-free 
access need be provided. 

■ Minimum width for public egress 
doorways is 800 mm (31 in.). 

■ Minimum width for public corri- 
dors is 900 mm (35 in.). 

■ Minimum width for public stair- 
ways is 900 mm (35 in.) and not less 
than 8 mm (0.3 in.) per occupant 
served; for stairways serving single 
living units, the minimum width is 
860 mm (34 in.). 

■ Limiting stairway tread and riser 
proportions are reduced. See page 
312. 

■ Emergency egress from bed- 
rooms is required. See below. 

Emergency Bedroom Door 
or Window Egress 

In small buildings, as explained 
above, dwelling units and other 
residential suites that are not 
sprinklered must have a window 
or door that opens directly to the 
exterior. Such openings must be 
operable from the inside without 
the need of keys, special tools, or 
special knowledge. Windows must 
not require the removal of sashes 
or hardware. The unobstructed 
opening area must not be less 
than 0.35 m^ (3.8 sq ft), with a least 
dimension of 380 mm (15 in.) in 
either height or width. 



Firefighter Ingress 

On unsprinklered floors less than 
25 m (82 ft) above grade, firefighter 
access must be provided by at least 
one unobstructed window or access 
panel, with minimum dimensions of 
1100 mm (43 in.) high by 550 mm 
(22 in.) wide with a sill height not 
greater than 900 mm (35 in.). At least 
one such opening must be provided 
for each 15 m (49 ft) of wall facing 
the street. Access panels above the 
first floor must allow operation from 
both the inside and outside or must 
be glazed with plain glass. 

Unsprinklered basements 
greater than 25 m (82 ft) in any 
horizontal dimension must provide 
firefighter access in the form of an 
exit stair connected directly to the 
outdoors, or a window or access 
panel as noted above. 

In buildings more than three 
stories in height with a roof slope 
less than 1:4, rooftop access must 
be provided from the floor immedi- 
ately below, either by a stairway or 
by a fixed ladder and roof hatch. 

High Buildings 

The National Building Code of 
Canada defines high buildings as 
any of the following: 

■ Buildings containing A Assembly, 
D Business and Personal Services, 
E Mercantile, or F Industrial 
Occupancies, with a story greater 
than 36 m (1 18 ft) above grade 

■ Buildings containing the same 
occupancies as above, with a 
story greater than 18 m (59 ft) 
above grade where the cumulative 
occupant load on or above any 
story above the grade level story, 
divided by 1.8, exceeds 300 times 
the width in meters of all exit stairs 
serving that story 

■ Buildings with B Care or 
Detention Occupancies on a story 
greater than 18 m (59 ft) above 
grade 
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■ Buildings with B-2 or B-3 Medical 
Treatment or Care Occupancies on 
the fourth or higher story 

■ Buildings with C Residential 
Occupancies on a story more than 
18 m (59 ft) above grade 

Firefighter Access Elevator: 

In high buildings, at least one 
elevator must be provided for fire- 
fighter access. This elevator must 
be located within 15 m (49 ft) of 
firefighter access to the building, 
have a usable platform area of not 
less than 2.2 m^ (24 sq ft), and be 
protected by an unoccupied V 4 - 
hour vestibule or an unoccupied 
1-hour corridor enclosure at each 
floor. Elevator access must be pro- 
vided to all floors above grade, by 



a single elevator, or with not more 
than one change of elevators. 

Smoke Control: Special sys- 
tems are required in high buildings 
to prevent the spread of smoke 
between floors, within exit stair 
enclosures, and between connect- 
ed buildings. 

Stairway enclosures must be 
provided with smoke control sys- 
tems such as those described for 
smokeproof exit stair enclosures on 
page 276. Additionally, exit stair- 
ways must be designed to limit the 
possibility of smoke from fire on 
floors below the exit level contami- 
nating stairway enclosures above 
the exit level. For example, stair- 
way shafts serving floors above 



and below the exit level must be 
entirely separated or provided with 
separations within the shaft. 

Elevator shafts serving floors 
above and below the lowest level 
of exit discharge must similarly be 
either entirely separate or, at each 
floor below the lowest level of exit 
discharge, a vestibule must sepa- 
rate the elevator from surrounding 
corridors and spaces. 

Connected buildings must be 
designed to limit the passage of 
contaminated air between build- 
ings, for example, with fire walls 
between the buildings and venti- 
lated vestibules to limit the pas- 
sage of smoke through openings in 
such walls. 
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2 

SIZING 

THE 

EGRESS 

SYSTEM 



This chapter presents simplified data for 
use in sizing egress components according 
to the requirements of the model building 
codes. 



How to Size the Egress System 29Z 
International Building Code 299 
National Building Code of Canada 305 
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HOW TO SIZE THE EGRESS SYSTEM 



1 he various parts of a building’s 
egress system must be sized to 
accommodate the number of occu- 
pants and types of activities within 
the building so that in the event 
of an emergency, occupants can 
safely and efficiently exit the build- 
ing or move to protected areas. The 
information you need to complete 
the design of your building’s egress 
system can be found in the tables 
and charts beginning on page 
299 for the International Building 
Code and page 305 for the National 
Building Code of Canada. The fol- 
lowing text explains how to apply 
this information to your project. 

DETERMINING 
OCCUPANT LOADS 

Begin with the Occupant Loads 
table on either page 299 or page 
305, depending on your model 
code, to determine the number of 
occupants the various parts of your 
egress system must serve. For each 
distinct activity within your build- 
ing, find the most closely matching 
use listed in the table and then 
read the floor area per occupant, 
or occupant density, for that use. 
Divide the area in your building 
associated with the activity by the 
occupant density to determine the 
number of occupants, or occupant 
load, for that area. 

In both model codes, the occu- 
pant load for any space is deter- 
mined by the larger of two calcula- 
tions: either the number of persons 
dictated by the tabulated occupant 
densities, as explained in the previ- 
ous paragraph, or the actual num- 
ber of persons for whom the space 
is intended. For example, consid- 
er an open office space 3000 sq ft 
in area with workstations planned 
for 35 workers. According to the 
International Building Code (page 
299), the prescribed occupant den- 
sity for a business use is 100 sq ft 
per person, and the minimum occu- 



pant load for this space is there- 
fore 30. However, since the worksta- 
tions within the space have been 
designed to accommodate 35 per- 
sons, this second, larger number 
should be used for determining the 
capacity of the egress from this area. 

Spaces are not always designed 
for a single purpose. Where a space 
is intended for more than one activ- 
ity, the greatest occupant load 
determined for any of the activi- 
ties should be used as the basis 
for sizing the egress system. Where 
a space designed for one activity 
could possibly be changed to some 
other use in the future, one that 
generates a higher occupant load, 
it may be appropriate to design the 
current egress system for such a 
future use, since enlarging egress 
system components at a later date is 
unlikely to be easily accomplished. 

Within any floor of a building, 
occupant loads are cumulative. For 
example, in a room with a single 
doorway leading to a corridor, the 
doorway must be sized to accom- 
modate the number of occupants 
in that room. However, where one 
room discharges into a second 
room that then opens to a corridor, 
the door opening to the corridor 
must be sized to accommodate the 
combined occupant load of both 
rooms. Likewise, corridors must be 
sized to accommodate the number 
of occupants from all spaces that 
discharge through them. And door- 
ways into exit stairways and the 
stairways themselves must each be 
sized to accommodate their appor- 
tioned share of all the occupants of 
a floor. 

Occupant loads from multiple 
floors are normally not cumulative. 
Thus, within an exit stairway, the 
width of the stairway and its dis- 
charge to the exterior are sized for 
the number of occupants from the 
single largest floor served, but not 
for the total number of occupants 
on all floors served by the stair. 
However, where egress paths from 



floors above and below converge 
at an intermediate level within a 
stairway or passageway, the egress 
width from that point on must be 
based on the sum of the converging 
occupant loads. Mezzanine occu- 
pants are also normally treated in 
this manner. That is, where a mez- 
zanine discharges through the floor 
below, egress components serving 
that floor are sized for the com- 
bined occupant load of the floor 
and the mezzanine. 

The National Building Code of 
Canada also requires converging 
occupant loads from interconnect- 
ed floor spaces or from multiple 
theater balconies to be treated 
cumulatively unless alternative 
protected areas for temporary 
occupant holding area provided. 

See the code for details. 

EGRESS SYSTEM 
CRITERIA ACCORDING 
TO OCCUPANCY GROUP 

The next step in sizing the egress 
system is to refer to the Occupancy 
Criteria table on either page 300 
or page 306. For each building 
Occupancy classification, infor- 
mation such as maximum travel 
distance, minimum width of cor- 
ridors and stairs, permitted length 
of dead-end corridors, and other 
requirements can be found. (If 297 
you have not already done so, turn 
to pages 6-17 to determine the 
Occupancy Groups for your build- 
ing.) If your building is single- 
occupancy, the requirements for 
that Occupancy apply throughout. 

If your building is mixed occu- 
pancy, the requirements for each 
Occupancy should be applied to 
the portion of the building serv- 
ing that Occupancy. Where criteria 
in this table vary with the num- 
ber of occupants served, use the 
occupant loads you calculated in 
the previous step to determine the 
appropriate requirements. 
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EGRESS COMPONENT 
CAPACITY 

As the final step, calculations are 
performed to check the width of 
each door, corridor, ramp, stair- 
way, and other components of the 
egress system to ensure that each 
has sufficient capacity for the num- 
ber of occupants served. Required 
widths based on occupant load 
are determined using the Egress 
Component Capacity table (page 
302 or page 308). For example, 
in the International Building Code, 
the minimum clear width for a 
doorway providing egress for 188 
occupants in a sprinklered busi- 
ness use area would be calculated 
as follows: 

188 persons X 0.20 in. per 
person = 37.6 in., rounded up 
to 38 in. 

Taking into account the geom- 
etry of an opened door and its 
frame, not less than a nominal 40-in. 
wide doorway should be provid- 
ed. Similar calculations should be 
performed for each component in 
the egress system. As a shortcut 
to performing these calculations, 
the Egress Width Calculator charts, 
on page 303 or page 309, can be 



used to determine these numbers 
graphically. 

Note that egress components 
must meet the requirements of 
both tables. Occupancy Criteria 
and Egress Component Capacity. 
For example, consider a doorway 
serving a business use area, this 
time serving an occupant load 
of 150. According to the Egress 
Component Capacity table, a min- 
imum width of 30 in. is required 
(150 X 0.20 in. = 30 in.). However, 
since the Occupancy Criteria 
table lists a minimum doorway 
width of 32 in., this larger figure 
must be used. Further examples 
of calculating required widths of 
egress components using either 
model code are included on pages 
302 and 308. 

In determining the widths of 
egress components, the following 
should also be considered: Means 
of egress capacity may not dimin- 
ish in the direction of egress travel. 
For example, an exit stairway pro- 
viding egress for 50 occupants may 
not lead to an exit passageway with 
a capacity of only 40 occupants. 
Likewise, a stairway providing 
an egress capacity of 50 persons 
exiting from the fourth floor of a 
building must maintain at least that 
capacity all the way to the ground- 



298 



level exit discharge, even if lower 
floors require a capacity of only 40 
persons each. 

Where a space or floor requires 
more than one independent means 
of egress, the required egress 
capacity is distributed among the 
various egress ways provided. In 
such cases, the capacity of the 
egress ways should be balanced 
such that the loss of any single 
one will not render the remaining 
capacity less than half of the total 
required. For example, consider 
an assembly hall with an occupant 
load of 600 persons and three 
means of egress, where the main 
entrance provides a capacity of 
400 persons and the two remain- 
ing exits provide a capacity of 100 
persons each. Even though a total 
egress capacity of 600 has been 
provided, elimination of the main 
entrance would leave a remain- 
ing capacity of only 200 persons. 
Since 200 is less than half of 600, 
this arrangement is not permit- 
ted. One solution to this problem 
would be to increase the size of 
just one of the smaller exits to a 
capacity of 200 persons. In this 
way, the elimination of any sin- 
gle exit still preserves an egress 
capacity of 300 or more. 



In the table on the facing page, gross 
area includes all floor area inside of 
exterior walls, excluding only inte- 
rior vent shafts and courts. Net area 
is intended to include only the actual 
occupied floor area and should exclude, 
for example, shafts, fixed equipment, 
corridors, stairways, toilet rooms, ser- 
vice rooms, closets, and the plan area 
occupied by all walls and partitions. 
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OCCUPANT LOADS 


Use 


Floor Area per Occupant 


Accessory storage area 
Agricultural buildings 
Aircraft hangers 


300 ft^ (28 m^) gross 
300 ft^ (28 m^) gross 
500 (46 m2) gross 


Airport terminal baggage claim 
Airport terminal baggage handling 
Airport terminal concourses 


20 ft2 (1.86 m2) gross 
300 ft2 (28 m2) gross 
100 ft2 (9.3 m2) gross 


Airport terminal waiting areas 
Assembly Occupancy, gaming floors 

Assembly Occupancy, concentrated seating (chairs only, not fixed) 


15 ft2 (1.4 m2) gross 
11 ft2 (1.0 m2) gross 
7 ft2 (0.65 m2) net 


Assembly Occupancy, standing space 

Assembly Occupancy, unconcentrated seating (tables, chairs, 
stages, platforms) 


5 ft2 (0.46 m2) net 
15ft2 (1.4 m2) net 

For booth seating without dividing arms, use an 
18" (457-mm) width per occupant. 


Bowling centers 
Business areas 

Courtrooms, other than fixed seating 


5 occupants per lane plus 7 ft2 (0.65 m2) net for 
other areas 
100 ft2 (9.3 m2) gross 
40 ft2 (3.7 m2) net 


Day care areas 

Educational Occupancy, classroom areas 
Educational Occupancy, shops and vocational areas 


35 ft2 (3.3 m2) net 
20ft2(1.86 m2) net 
50 ft2 (4.65 m2) net 


Exercise areas 
Factories, industrial areas 

Hazardous Occupancies: Groups H-1, H-2, H-3, H-4 


50 ft2 (4.65 m2) gross 
100 ft2 (9.3 m2) gross 
100 ft2 (9.3 m2) gross 


Hazardous Occupancies: Groups H-5 
Institutional Occupancy, sleeping areas 
Institutional Occupancy, inpatient treatment areas 


200 ft2 (18.6 m2) gross 
120 ft2 (11.2 m2) gross 
240 ft2 (22.3 m2) gross 


Institutional Occupancy, outpatient treatment areas 
Kitchens, commercial 
Libraries, reading rooms 


100 ft2 (9.3 m2) gross 
200 ft2 (18.6 m2) gross 
50 ft2 (4.65 m2) net 


Libraries, stack areas 
Locker rooms 

Mechanical equipment rooms 


100 ft2 (9.3 m2) gross 
50 ft2 (4.65 m2) gross 
300 ft2 (28 m2) gross 


Mercantile Occupancy, areas other than listed below 
Mercantile Occupancy, basement and grade floor levels 
Mercantile Occupancy, enclosed shopping malls 


60 ft2 (5.6 m2) gross 
30 ft2 (2.8 m2) gross 

Between 30 and 50 ft2 (2.8 and 4.65 m2) gross 
leasable area; consult the code 


Mercantile Occupancy, storage, stock, and shipping areas 
Parking garages 

Residential Occupancy, dormitories 


300 ft2 (28 m2) gross 
200 ft2 (19 m2) gross 
50 ft2 (4.65 m2) gross 


Residential Occupancy, general 

Skating rinks and swimming pools, rink and pool area 
Skating rinks and swimming pools, decks 


200 ft2 (19 m2) gross 
50 ft2 (4.65 m2) gross 
15 ft2 (1.4 m2) gross 


Stages and Platforms 15 ft^ (1.4 m^) gross 

Storage 300 ft^ (28 m^) gross 

Warehouses 500 ft^ (46 m^) gross 



Stages and Platforms 

Storage 

Warehouses 
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OCCUPANCY CRITERIA 



Occupancy 


Maximum Travel Distance (p. 267) 


Maximum Common Path of 


Largest Area with 


(pp. 6-17) 


Unsprinklered 


Sprinklered 


Egress Travel (p. 268) 


Single Exit (p. 272) 


A: Assembly 


200' (61 m) 

400' (122 m) for open-air seating 
with combustible construction or 
unlimited distance with noncom- 
bustible construction 


250' (76 m) 


30' (9 m) for assembly fixed 

seating with 50 or more 

occupants 

75' (23 m) for others 


49 occupants 


B: Business 


200' (61 m) 


300' (91 m) 


75' (23 m) unsprinklered 
100' (30 m) sprinklered or for 
unsprinklered areas with an 
occupant load of 30 or less 


49 occupants 


E: Educational 


200' (61 m) 


250' (76 m) 


75' (23 m) 


49 occupants 


F- 1 : Factory, Moderate 
Hazard 


200' (61 m) 


250' (76 m) 


75' (23 m) unsprinklered 
1 00' (30 m) sprinklered 


49 occupants 


F-2: Factory, Low Hazard 


300' (91 m) 


400' (122 m) 


Same as above 


49 occupants 


H-1, H-2, H-3: Hazardous 


Not permitted 


H-1: 75' (23 m) 
H-2: 100' (30 m) 
H-3: 150' (46 m) 


25' (8 m) 


3 occupants 


H-4, H-5: Hazardous 


Not permitted 


H-4: 175' (53 m) 
H-5: 200' (61 m) 


75' (23 m) 


10 occupants 


1-1: Institutional, Residential 
Care 


Not permitted 


250' (76 m) 


75' (23 m) 


10 occupants 


1-2: Institutional, 
Custodial Care 


Not permitted 


200' (6 1 m) 


75' (23 m) 

100' (30 m) for sleeping room 
suites 


1000 (93 m2) for 

sleeping rooms or 
suites; 2500 ft^ (232 m^) 
for other areas 


1-3 Institutional, 
Detention and Security 


Not permitted 


200' (61 m) 


100' (30 m) 


10 occupants 


1-4: Institutional, Day Care 


Not permitted 


200' (61 m) 


75' (23 m) 


10 occupants 


M: Mercantile 


200' (61 m) 


250' (76 m) 


75' (23 m) 


49 occupants 


M: Mercantile, 
Covered malls 


Not permitted 


200' (6 1 m) from within tenant 
space to common circulation 
200' (6 1 m) from within com- 
mon circulation to an exit 


75' (23 m) 


49 occupants 


R-1: Hotels and Motels 


Not permitted 


250' (76 m) 

200' (61 m) with NFPA 13R 
sprinkler system 


75' (23 m) 


10 occupants 


R-2: Residential, Multifamily 


Not permitted 


Same as above 


125' (38 m) 

75' (23 m) with NFPA 13R 
sprinkler system 


10 occupants 


R-3: Residential, One- and 
Two-Family, except below 


Not permitted 


250' (76 m) 

200' (61 m) with NFPA 13D 
sprinkler system 


75' (23 m) 


10 occupants 


Detached, three-story maxi- 
mum, one- and two-family 
dwellings and townhouses 


Not applicable 


Not applicable 


Not applicable 


Not applicable 


R-4: Residential, 
Assisted Living 


Not permitted 


250' (76 m) 


75' (23 m) 


10 occupants 


S-1: Storage, Moderate 
Hazard 


200' (61 m) 


250' (76 m) 


75' (23 m) unsprinklered 
100' (30 m) sprinklered or for 
unsprinklered areas with an 
occupant load of 30 or less 


29 occupants 


S-2: Storage, Low Hazard, 
and Parking Garages 


300' (91 m) 


400' (122 m) 


Same as above 


29 occupants 


U: Utility, and Private 
Garages 


300' (91 m) 


400' (122 m) 


75' (23 m) 

1 00' (30 m) for areas with an 
occupant load of 30 or less 


49 occupants 
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Minimum Length of 
Deed-End Corridor 


For minimum widths based on occupant load, see pages 298—299. 
For minimum dimensions of accessible routes, see pages 281—282. 




(p.270) 


Minimum Door Width (p. 271) 


Minimum Corridor Width 


Minimum Stair Width 


Other Requirements 


Greater of 20' (6 m) or 
2.5 X width of corridor 


Min: 32" (813 mm) net clear 
Max: 48" (1220 mm) nominal 


44" (1 1 18 mm) serving more 
than 49 occupants 
36" (914 mm) serving 49 
or fewer 


44" (1118 mm) serving 
more than 49 occupants 
36" (914 mm) serving 
49 or fewer 


For special egress require- 
ments in assembly seating 
areas, see pages 287—289. 


Greater of 20' (6 m) 
unsprinklered, 50' 

(15 m) sprinklered, or 
2.5 X width of corridor 


Same as above 


Same as above 


Same as above 




Same as above 


Same as above 


Same as above, except 72" (1829 
mm) for 100 or more occupants 


Same as above 




Same as above 


Same as above 


44" (1118 mm) serving more than 
49 occupants 

36" (914 mm) serving 49 or fewer 


Same as above 




Same as above 


Same as above 


Same as above 


Same as above 




Greater of 20' (6 m) or 
2.5 X width of corridor 


Same as above 


Same as above 


Same as above 


Consult the code for special 
requirements. 


Same as above 


Same as above 


Same as above 


Same as above 


Consult the code for special 
requirements. 


Greater of 20' (6 m) 
sprinklered (NFPA 1 3R) , 
50' (15 m) sprinklered 
(NFPA 13), or 2.5 X width 
of corridor 


Same as above 


Same as above, except 72" (1829 mm) 
where occupants are incapacitated 


Same as above 


For required emergency 
egress from sleeping areas, 
see page 291. 


Greater of 20' (6 m) or 
2.5 X width of corridor 


Min: 32" (813 mm) net clear; 

41.5" (1054 mm) where beds must 
be moved 

Max: 48" (1220 mm) nominal 


Same as I-l above, except 96" (2438 
mm) where beds must be moved 


Same as above 


Each floor must be 
subdivided by at least one 
smokeproof wall with 
horizontal exits. 


Greater of 20' (6 m) or 
2.5 X width of corridor 
50' (15 m) under some 
conditions; consult the 
code 


Min: 32" (813 mm) net clear; 28" (711 
mm) for resident sleeping rooms 
Max: 48" (1220 mm) nominal 


44" (1118 mm) serving more than 
49 occupants 

36" (914 mm) serving 49 or fewer 


Same as above 


Same as above 
Doors opening to sleeping 
units 44 in. (1118 m) or wider 
are exempt from normal 
accessible latch side clear- 
ance requirements 


Greater of 20' (6 m) or 
2.5 X width of corridor 


Min: 32" (813mm) net clear 
Max: 48" (1220 mm) nominal 


Same as above 


Same as above 




Greater of 20' (6 m) 
unsprinklered, 50' 

(15 m) sprinklered, or 
2.5 X width of corridor 


Same as above 


Same as above 


Same as above 




Greater of 20' (6 m) or 
2 X mall width 


Same as above 


20' (6 m) for mall space 
66" (1676 mm) for corridors 


Same as above 


Consult the code for special 
egress requirements. 


Greater of 20' (6 m) 
sprinklered (NFPA 13R), 
50' (15 m) sprinklered 
(NFPA 13), or 2.5 x width 
of corridor 


Same as above 


44" (1118 mm) serving more than 49 
occupants 

36" (914 mm) serving 49 or fewer, 
or within dwelling units 


Same as above 


For required emergency 
egress from sleeping areas, 
see page 291. 


Same as above 


Same as above 


Same as above 


Same as above 


Same as above 


Greater of 20' (6 m) or 
2.5 X width of corridor 


Same as above 


Same as above 


Same as above 


Same as above 


Not applicable 


Same as above 


36" (914 mm) 


36" (914 mm) 


Same as above 


Greater of 20' (6 m) 
sprinklered (NFPA 13R) 
50'(15 m) sprinklered 
(NFPA 13), or 2.5 x width 
of corridor 


Min: 32" (813 mm) net clear 
Max: 48" (1220 mm) nominal 


44" (1118 mm) serving more than 
49 occupants 

36" (914 mm) serving 49 or fewer, or 
within dwelling units 


44" (1 1 18 mm) serving 
more than 49 occupants 
36" (914 mm) serving 
49 or fewer 


Same as above 


Same as above 


Same as above 


44" (1118 mm) serving more than 49 
occupants 

36" (914 mm) serving 49 or fewer 


Same as above 




Same as above 


Same as above 


Same as above 


Same as above 


Open parking garage exit 
stairways may be unenclosed 


Same as above 


Same as above 


Same as above 


Same as above 
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DETERMINING 
WIDTHS OF EGRESS 
COMPONENTS 

Use the following chart to determine 
the minimum required width for the 
various parts of an egress system 
based on the occupant load served. 

An Example Egress System 
Sizing Exercise 

The Problem: Design the egress 
system for a department store 
basement, sprinklered, dimensions 
105 X 292 ft. 

The Solution: From the index on 
page 10, we find that a depart- 
ment store is classified as an M 

EGRESS COMPONENT CAPACITY 



Mercantile Occupancy. Multiplying 
the dimensions of the floor, we 
arrive at a gross area of 30,660 
sq ft. From the Occupant Loads 
table on page 299, we see that 
for purposes of egress design, we 
must allocate at least 30 sq ft per 
occupant to arrive at an occu- 
pant load of 1022 persons for this 
floor. According to the information 
on page 272, a minimum of four 
exits is required. Assuming the 
occupant load is divided equally 
among the four, each exit must 
serve 256 persons. 

From the Egress Component 
Capacity table on this page, we 
find that we must provide 0.20 in. 
of width per occupant in corri- 



dors and doorways and 0.3 in. per 
occupant in stairways. Moving to 
the chart on the facing page, we 
read horizontally from 256 occu- 
pants to the 0.20-in. line and then 
down to find that a width of 52 in. is 
required for the corridor. We com- 
pare this with the 44-in. minimum 
width indicated on page 301 and 
choose the larger of the two, 52 in. 
in this example. Extending this line 
farther downward, we select either 
two 3-ft doors or a pair of 3-ft doors 
without center mullion. 

Reading horizontally from 256 
occupants to the 0.3-in. line, then 
downward, we arrive at a required 
stair width of 77 in. (For stair design 
charts, see pages 315-325.) 





Width per Occupant 


Occupancy 


Doorways, Corridors, Ramps, 
and Other Components 


Stairs 


All occupancies 


0.2" (5 mm) per person 


0.3" (8 mm) 
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SIZING THE EGRESS 
SYSTEM 

Instructions for using the charts on 
this and the following pages begin 
on page 297. 



OCCUPANT LOADS 



Occupancy 


Use 


Floor Area per Occupant 


A: Assembly 


Space with fixed seats 


Actual number of seats 




Space with nonfixed seats, performance stages 


0.75 m2 (8.1 ft2) 




Space with nonfixed seats and tables 


0.95 m2 (10 ft2) 




Standing space 


0.40 m2 (4.3 ft2) 




Bowling alleys, pool and billiard rooms, school shops 
and vocational rooms 


9.30 m2 (100 ft2) 




Classrooms, reading or writing rooms, lounges 


1.85 m2 (20 ft2) 




Dining, beverage, and cafeteria spaces 


1.20m2(13ft2) 




Laboratories in schools 


4.60 m2 (50 ft2) 




Stadiums and grandstands 


0.60 m2 (6.5 ft2) 


B: Care, Treatment, 


Suites 


2 persons per sleeping room in suite 


and Detention 


Care, treatment, and sleeping areas 


10.00 m2 (107 ft2) 




Detention quarters 


11.60 m2 (125 ft2) 


C: Residential 


Dwelling units 


2 persons per sleeping room 




Dormitories 


4.60 m2 (50 ft2) 


D: Business and 


Personal services shops 


4.60 m2 (50 ft2) 


Personal Services 


Offices 


9.30 m2 (100 ft2) 


E: Mercantile 


Basements, first stories, second stories having a 
principal entrance from a pedestrian thoroughfare 
or a parking area 


3.70 m2 (40 ft2) 




Other stories 


5.60 m2 (60 ft2) 


F: Industrial 


Manufacturing or processing rooms 


4.60 m2 (50 ft2) 




Storage garages (parking), aircraft hangers 


46.00 m2 (495 ft2) 




Storage spaces (warehouses) 


28.00 m2 (300 ft2) 


Other 


Cleaning and repair goods 


4.60 m2 (50 ft2) 




Kitchens 


9.30 m2 (100 ft2) 




Public corridors intended for occupancy in addition 
to circulation 


3.70 m2 (40 ft2) 
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EGRESS SYSTEM CRITERIA 





Maximum Travel Distance 
(See also page 267) 


Limits on Room or Suite That May Have Only 
One Exit Access 




Occupancy 


Unsprinklered 


Sprinklered 


Unsprinklered 


Sprinklered 




A- 1 : Assembly, Theaters 


Not permitted 


45 m (148 ft) 


Not permitted 


Occupancy: 60 

Travel distance in room: 25 m 
(82 ft) 

Area: 200 m^ (2153 ft^) 




A-2: Assembly, 
Miscellaneous 


30 m (98 ft) 


45 m (148 ft) 


Occupancy: 60 

Travel distance in room: 1 5 

m (49 ft) 

Area: 150 m2(1615ft2) 


Same as above 




A-3: Assembly, Arenas 


30 m (98 ft) 


45 m (148 ft) 


Same as above 


Same as above 




A-4: Assembly, Open Air 


45 m (148 ft) to the ground, an 
exit, an opening leading from 
the seating area, or an open- 
ing through the seating deck 
structure 


Not applicable 


Same as above 


Same as above 




B-1: Detention 


Not permitted 


45 m (148 ft) 


Not permitted 


Same as above, except area: 100 
m2 (1076 ft2) 




B-2: Medical Treatment 


Not permitted 


45 m (148 ft) 


Not permitted 


Same as above, except area: 100 
m2 (1076 ft2) sleeping rooms, 200 
m2 (2153 ft2) other areas 




B-3: Care 


Not permitted 


45 m (148 ft) 


Not permitted 


Same as above, except area: 100 
m2 (1076 ft2) sleeping rooms, 150 
m2 (1615 ft2) sleeping suites, 200 
m2 (2153 ft2) other areas 




C: Residential 


30 m (98 ft) 


45 m (148 ft) 


Occupancy: 60 

Travel distance in room: 1 5 

m (49 ft) 

Area: 100 m^ (1076 ft^) 


Same as above, except area: 150 
m2 (1615 ft2) 




D: Business and Personal 
Services 


40 m (131 ft) 


45 m (148 ft) 


Occupancy: 60 

Travel distance in room: 25 

m (82 ft) 

Area: 200 m^ (2153 ft^) 


Same as above, except area: 300 
m2 (3229 ft2) area 




E: Mercantile 


30 m (98 ft) 


45 m (148 ft) 


Occupancy: 60 

Travel distance in room: 1 5 

m (49 ft) 

Area: 150 m2(1615ft2) 


Same as above, except area: 200 
m2 (2153 ft2) 




F-1: Industrial, High- 
Hazard 


25 m (82 ft) 


25 m (82 ft) 


Occupancy: 60 
Area: 15 m^ (161 ft^) 


Occupancy: 60 
Area: 15 m2 (161 ft2) 




F-2: Industrial, Medium- 
Hazard 


30 m (98 ft) 


45 m (148 ft) 


Occupancy: 60 

Travel distance in room: 10 

m (33 ft) 

Area: 150 m2(1615ft2) 


Occupancy: 60 

Travel distance in room: 25 m 
(82 ft) 

Area: 200 m2 (2153 ft2) 




F-3: Industrial, Low-Hazard 


30 m (98 ft) 


45 m (148 ft) 


Occupancy: 60 

Travel distance in room: 1 5 

m (49 ft) 

Area: 200 m^ (2153 ft^) 


Same as above, except area: 300 
m2 (3229 ft2) 




F-3: Open-Air Garages 


60 m (197 ft) 


60 m (197 ft) 


Not applicable 


Not applicable 
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See also minimum width requirements for occupant load served 
on pages 298 and 305 and for accessible routes on pages 285-286. 






Maximum Length of 
Dead-End Corridor 


Minimum Clear 


Minimum Net Clear 


Minimum Stair 


Additional 




(page 270) 


Corridor Width 


Egress Door Width 


Width 


Requirements 




6 m (20 ft) 


1100 mm (43 in.) 


800 mm (31 in.) 


900 mm (35 in.)^ 


See requirements for row spac- 










1 100 mm (43 in.) 


ing, aisles, and exits on pages 
287-289. 




6 m (20 ft) 


1100 mm (43 in.) 


800 mm (31 in.) 


900 mm (35 in.)^ 
1 100 mm (43 in.) 


Same as above 




6 m (20 ft) 


1100 mm (43 in.) 


800 mm (31 in.) 


900 mm (35 in.)^ 
1 100 mm (43 in.) 


Same as above 




6 m (20 ft) 


1100 mm (43 in.) 


800 mm (31 in.) 


900 mm (35 in.)^ 


Maximum 25 m (82 ft) between 










1 100 mm (43 in.) 


exits. See the code for aisle and 
bleacher requirements. 




None, except when the area 


1100 mm (43 in.) 


800 mm (31 in.) 


900 mm (35 in.)^ 






served by the corridor has 
a separate independent 
means of egress 






1 100 mm (43 in.) 






Same as above 


1650 mm (65 in.) 


800 mm (31 in.) within suites 


900 mm (35 in.)^ 


See page 278 for refuge area 






2400 mm (94 in.) serving 


850 mm (33 in.) within public 


1100 mm (43 in.) 1650 


requirements. 






patients in beds 


corridors and exits 


mm (65 in.) serving 








1100 mm (43 in.) for exit 


1050 mm (41 in.) serving 


residents from sleeping 








passageways 


patients in beds 


rooms 






Same as above, or 6 m (20 


1 100 mm (43 in.) serving not 


800 mm (31 in.) within suites 


900 mm (35 in.)^ 


Same as above 




ft) when serving a residen- 
tial suite 


more than 10 residents 
1650 mm (65 in.) 


850 mm (33 in.) within public 
corridors and exits 


1 100 mm (43 in.) 
Serving 10 or more 








1 100 mm (43 in.) for exit 




residents from sleeping 








passageways 




rooms: 












1100 mm (43 in.)® 
1650 mm (65 in.) 






6 m (20 ft) 


1100 mm (43 in.) 


800 mm (31 in.) 


900 mm (35 in.)® 
1 100 mm (43 in.) 






6 m (20 ft) 


1100 mm (43 in.) 


800 mm (31 in.) 


900 mm (35 in.)® 
1 100 mm (43 in.) 






6 m (20 ft) 


1100 mm (43 in.) 


800 mm (31 in.) 


900 mm (35 in.)® 
1 100 mm (43 in.) 






6 m (20 ft) 


1100 mm (43 in.) 


800 mm (31 in.) 


900 mm (35 in.)® 
1 100 mm (43 in.) 






6 m (20 ft) 


1 100 mm (43 in.) 


800 mm (31 in.) 


900 mm (35 in.)® 
1 100 mm (43 in.) 






6 m (20 ft) 


1100 mm (43 in.) 


800 mm (31 in.) 


900 mm (35 in.)® 
1 100 mm (43 in.) 






6 m (20 ft) 


1100 mm (43 in.) 


800 mm (31 in.) 


900 mm (35 in.)® 


®Serving not more than two sto- 
ries above or one story below 










1 100 mm (43 in.) 


the lowest exit level. 
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DETERMINING WIDTHS 
OF EGRESS COMPONENTS 

Use the following chart to determine 
the minimum required width for the 
various parts of an egress system 
based on the occupant load served. 

An Example Egress Sizing 
Exercise 

The Problem: Design an exit for a 
department store basement, dimen- 
sions 33 X 85.2 m. 

The Solution: From the index on 
page 15, we find that a depart- 
ment store is classified as an E 



Mercantile Occupancy. Multiplying 
the two dimensions of the floor, we 
arrive at a gross area of 2812 m^. 
From the Occupant Loads table on 
page 305, we see that for purposes 
of egress design, we must allocate 
3.7 m^ per occupant to arrive at an 
occupant load of 760 persons for 
this floor. Assume that our design 
provides four exits. Dividing 760 
occupants by four exits gives an 
occupant load per exit of 190. 

From the Egress Component 
Capacity table on this page, we find 
that for an E Occupancy, 6. 1 mm of 
width per occupant is required for 
doors, corridors, and passageways. 



Moving to the chart on the facing 
page, we read horizontally from 
190 occupants to the 6.1 -mm line, 
then downward, to find that a cor- 
ridor width of 1 1 60 mm is required. 
Extending this line farther down- 
ward, we select either two 915-mm 
doors or one pair of 915-mm doors 
without a center mullion. 

To find the required width for 
our egress stair, we read downward 
from the 9.2-mm line, finding that 
a width of 1750 mm is required 
for the steepest possible stair. (For 
stair design tables, see pages 315- 
325.) 



EGRESS COMPONENT CAPACITY 





Width per Occupant 


Occupancy 


Doors, Corridors, Ramps 
with Not More Than 
1:8 Slope 


Stairs with Rise Not 
More Than 180 mm (7") 
and Run Not Less Than 
280 mm (11") 


Other Ramps and Stairs 


A-4: Open Air Assembly 


2.4 mm (0.09") for exit stairs 

1.8 mm (0.07") for aisles, ramps, passageways, exits, and stairs other than exit stairs 


B-2: Medical Treatment 
B-3: Care 


18.4 mm (0.72") 


18.4 mm (0.72") 


18.4 mm (0.72") 


All other occupancies 


6.1 mm (0.24") 


8 mm (0.31") 


9.2 mm (0.36") 









NATIONAL BUILDING CODE OF CANADA 



EGRESS WIDTH CALCULATOR 




1 


1 2 


3 


4 


5 


Number of 101 8-mm doors 



1 


1 ^ 


3 


4 


Number of 1 220-mm doors 


^ 


( 

1 


i 


2 


3 


Number of pairs of 91 5-mm doors 
without center mullion 



u 

M 

M 

M 

M 

u 

u 

u 

u 

u 

s 

u 
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3 

STAIRWAY 

AND 

RAMP 

DESIGN 



This chapter will help you design stairways 
and ramps in accordance with the model 
building codes. 



Stairway and Ramp Proportions 312 
Winding, Curved, and Spiral Stairs 313 
Exit Stairway Design Tables 315 



311 






STAIRWAY AND RAMP PROPORTIONS 



312 



STAIRS 

In the following table, Internation- 
al Building Code Residential Stairs 
includes stairs in R-3 Occupancies, 
within dwelling units in R-2 Occu- 
pancies, and in U Occupancies 
accessory to R-3 Occupancies. 



National Building Code of 
Canada Residential Stairs includes 
stairs within dwelling units and 
exterior stairs serving individu- 
al dwelling units. This code also 
requires interior egress stairs to 
have at least three risers, except 
within dwelling units or A-2 



Occupancies used for serving food 
and beverages when the stair is not 
less than 900 mm (35 in.) wide. 





Nonresidential Stairs 


Residential Stairs 


Code 


Maximum 
Riser Height 


Minimum 
Riser Height 


Minimum 
Tread Run 


Maximum 
Riser Height 


Minimum 
Tread Run 


Maximum Vertical 
Distance Between 
Landings 


International 
Building Code 


7" (178 mm) 


4" (102 mm) 


11" (279 mm) 


7.75" (197 mm) 


10" (254 mm) 


12' (3658 mm) 


National 
Building Code 
of Canada 


180 mm (7.1") 


125 mm (4.9") 


280 mm (11.0") 


200 mm (7.9") 


235 mm (9.3") 


3.7 m (12’-2") 

2.4 m (7'-10") in a 
B-2 Occupancy 



RAMPS 

In the International Building Code, 
landings are required for ramps at 
points of turning, at ramp entranc- 
es and exits, and at doors open- 
ing onto ramps. Landings must 
be at least as wide as the ramp. 
Landings on accessible routes 
must be at least 60 in. (1525 mm) 
long. When not part of an acces- 



sible route, landings may be 48 in. 
(1220 mm) long, or if within non- 
accessible R-2 or R-3 individual 
dwelling units, not less than 36 in. 
(9144 mm) long. 

In the National Building Code of 
Canada, where a doorway or stair- 
way opens onto the side of a ramp, 
a landing extending a minimum of 
300 mm (11.8 in.) beyond either side 
of the opening is required. Where a 



doorway or stairway opens onto the 
end of a ramp, a landing extending 
along the ramp for at least 900 mm 
(35.4 in.) is required. In addition, 
barrier-free ramps require landings 
with a minimum size of 1500 mm (59 
in.) square at the top and bottom of 
the ramp, and landings at least 1200 
mm (47.25 in.) long and at least as 
wide as the ramp at abrupt changes 
in direction of the ramp. 



RAMP PROPORTIONS 





Maximum Ramp Slope 


Minimum Width 


Maximum Distance 
Between Landings 


International 
Building Code 


1:12 for ramps part of a means of 
egress or on accessible routes 
1 :8 other ramps 


36" (914 mm) clear between 
sides of ramp, or handrails, 
if any 


30" (762 mm) rise 


National Building 
Code of Canada 


1:12 barrier-free ramps 
1 : 10 A, B, or C Occupancies 
1 :6 E or F Occupancies 
1 :8 other interior ramps 
1:10 other exterior ramps 


870 mm (34.25") between 
handrails of barrier-free 
ramps 

1 100-mm (43") exit ramps 
1650-mm (65") exit ramps serv- 
ing B-2 Occupancy sleeping 
rooms 

870-mm (34") exit ramps serv- 
ing Small Building (p. 292) 
Occupancies 

860 mm (34") serving dwelling 
units 


9-m (29'-6") run barrier- 
free ramps 

1500-mm (59") rise for 
other ramps 












WINDING, CURVED, AND SPIRAL STAIRS 



MAY WINDERS WITHIN STRAIGHT STAIRS SERVE AS PART OF A REQUIRED 
MEANS OF EGRESS? 



International 
Building Code 



Only within individual 
dwelling units 



National Building 
Code of Canada 



Only within individual 
dwelling units 



Dimensional Restrictions 

See tread and riser limits for res- 
idential stairs on page 312. Tread 
depth is measured 12" (305 mm) 
from the narrow end. 

Minimum depth at the narrow 
end is 10" (254 mm) for nonresi- 
dential stairs and 6" (152 mm) for 
residential stairs. 

One set of winders per floor 
level, arrayed at either 30° or 45°, 
up to 90° total. 

Winders may converge to a 
point. 



WINDERS IN A STRAIGHT STAIR 



MAY CURVED OR CIRCULAR STAIRS SERVE AS PART OF A REQUIRED 
MEANS OF EGRESS? 



International 
Building Code 



Dimensional Restrictions 

See tread and riser limits for non- 
residential and residential stairs on 
page 312. Tread depth is measured 
12" (305 mm) from the narrow end. 
Minimum depth at the narrow end 
is 10" (254 mm) for nonresidential 
stairs and 6" (152 mm) for residen- 
tial stairs. 

For nonresidential stairs, the smaller 
radius of the stair must be at least 
twice the required width of the 
stairway. 




CURVED STAIR 



National Building 
Code of Canada 



For tread and riser dimensions, see 
the Stair Proportions table on page 
312, with tread depth measured 230 
mm (9.1") from the narrow end of 
the tread. 

Minimum tread depth is 240 mm 
(9.4") at the narrow end. 

The smaller radius of the stair must 
be at least twice the width of the 
stairway. 

For restrictions when not part of a 
means of egress, see Spiral Stairs, 
page 314. 



STAIRWAY AND RAMP DESIGN 





WINDING, CURVED, AND SPIRAL STAIRS 



MAY SPIRAL STAIRS SERVE AS PART OF A REQUIRED MEANS OF EGRESS? 



Dimensional Restrictions 



International Yes, within individ- 

Building Code ual dwelling units, 

or from a space 
not more than 250 
ft^ (23 m^) in area 
serving not more 
than 5 occupants 



Minimum tread depth IV^' (191 mm) 
measured 12" (305 mm) from the nar- 
row side 

Maximum riser height QV 2 " (241 mm) 
Minimum clear width 26" (660 mm) 
Minimum head room 78" (1981 mm) 



When not part of the means of egress: 
Minimum tread depth 150 mm (7.9") 
at any point, 200 mm (7.9") average 
Maximum riser height 180 mm (7.1") 
Minimum riser height 125 mm (4.9") 




National Building No 
Code of Canada 
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EXIT STAIRWAY DESIGN TABLES 



The tables that follow allow you 
to complete a rapid preliminary 
design for an exit stairway. After 
selecting the desired stairway con- 
figuration, consult an accompany- 
ing table to find the required inte- 
rior dimensions and the tread and 
riser proportions of a stairway that 
correspond to the stair width and 
floor-to-floor height for which you 
are designing. 

The stairway lengths for the 
English-unit tables are based on a 
maximum 7-in. (178-mm) riser and 
minimum 11-in. (279-mm) tread, 
conforming to the requirements of 
the International Building Code. 
Stairway lengths for the metric 
tables are based on a maximum 
180-mm (7.1-in.) riser and mini- 
mum 280-mm (11-in.) tread, con- 
forming to the requirements of the 
National Building Code of Canada 
for buildings not classified as small 
or residential. See page 312 for 
more information on stairway pro- 
portions. 

The “Overall Inside Length of 
Stair Enclosure” figures represent 
an absolute minimum configura- 
tion. Handrail extension require- 
ments may dictate either that the 
door be recessed into an alcove 
that falls outside this length or that 
the length of the stair enclosure be 
increased in order to satisfy the 
limitations on obstruction of the 
width of the landing by the open 
door. The minimum overall inside 
width for a stair enclosure is twice 
the required width of the stair itself, 
but construction of the stair may 
be facilitated by increasing this 
dimension by several inches. Under 
both the International Building 
Code and the National Building 
Code of Canada, the required stair- 
way width is measured from the 
inside of the stairway or guards, 
and handrails may project into the 
required width of the stair for the 
purposes of computing its occu- 
pancy. 
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STAIRWAY AND RAMP DESIGN 
















EXIT STAIRWAY DESIGN TABLES 
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ONE-FLIGHT STAIR: ENGLISH UNITS 



Floor- Overall Inside Length of Stair Enclosure (ft-in.) 



to-Floor 

Height 

(ft-in.) 


Number 

of 

Risers 


Riser 

Height 

(in.) 


Tread 

Depth 

(in.) 


36" 

Width 


44" 

Width 


56" 

Width 


66" 

Width 


88" 

Width 


1-8 


3 


6.67 


11 


7-10 


9-2 


11-2 


12-10 


16-6 


2-0 


4 


6.00 


11 


8-9 


10-1 


12-1 


13-9 


17-5 


2-4 


4 


7.00 


11 


8-9 


10-1 


12-1 


13-9 


17-5 


2-8 


5 


6.40 


11 


9-8 


11-0 


13-0 


14-8 


18-4 


3-0 


6 


6.00 


11 


10-7 


11-11 


13-11 


15-7 


19-3 


3-4 


6 


6.67 


11 


10-7 


11-11 


13-11 


15-7 


19-3 


3-8 


7 


6.29 


11 


11-6 


12-10 


14-10 


16-6 


20-2 


4-0 


7 


6.86 


11 


11-6 


12-10 


14-10 


16-6 


20-2 


4-4 


8 


6.50 


11 


12-5 


13-9 


15-9 


17-5 


21-1 


4-8 


8 


7.00 


11 


12-5 


13-9 


15-9 


17-5 


21-1 


5-0 


9 


6.67 


11 


13-4 


14-8 


16-8 


18-4 


22-0 


5-4 


10 


6.40 


11 


14-3 


15-7 


17-7 


19-3 


22-11 


5-8 


10 


6.80 


11 


14-3 


15-7 


17-7 


19-3 


22-11 


6-0 


11 


6.55 


11 


15-2 


16-6 


18-6 


20-2 


23-10 


6-4 


11 


6.91 


11 


15-2 


16-6 


18-6 


20-2 


23-10 


6-8 


12 


6.67 


11 


16-1 


17-5 


19-5 


21-1 


24-9 


7-0 


12 


7.00 


11 


16-1 


17-5 


19-5 


21-1 


24-9 


7-4 


13 


6.77 


11 


17-0 


18-4 


20-4 


22-0 


25-8 


7-8 


14 


6.57 


11 


17-11 


19-3 


21-3 


22-0 


26-7 


8-0 


14 


6.86 


11 


17-11 


19-3 


21-3 


22-11 


26-7 


8-4 


15 


6.67 


11 


18-10 


20-2 


22-2 


23-10 


27-6 


8-8 


15 


6.93 


11 


18-10 


20-2 


22-2 


23-10 


27-6 


9-0 


16 


6.75 


11 


19-9 


21-1 


23-1 


24-9 


28-5 


9-4 


16 


7.00 


11 


19-9 


21-1 


23-1 


24-9 


28-5 


9-8 


17 


6.82 


11 


20-8 


22-0 


24-0 


25-8 


29-4 


10-0 


18 


6.67 


11 


21-7 


22-11 


24-11 


26-7 


30-3 


10-4 


18 


6.89 


11 


21-7 


22-11 


24-11 


26-7 


30-3 


10-8 


19 


6.74 


11 


22-6 


23-10 


25-10 


27-6 


31-2 


11-0 


19 


6.95 


11 


22-6 


23-10 


25-10 


27-6 


31-2 


11-4 


20 


6.80 


11 


23-5 


24-9 


26-9 


28-5 


32-1 


11-8 


20 


7.00 


11 


23-5 


24-9 


26-9 


28-5 


32-1 


12-0 


21 


6.86 


11 


24-4 


25-8 


27-8 


29-4 


33-0 



Stairway widths may be determined rapidly by using the tables and graphs on pages 302-303 and 308-309. 





EXIT STAIRWAY DESIGN TABLES 



ONE-FLIGHT STAIR: METRIC UNITS (280-MM TREAD, 180-MM RISER) 



Floor- 

to-Floor 

Height 

(m) 


Number 

of 

Risers 


Riser 

Height 

(mm) 


Tread 

Depth 

(mm) 




Overall Inside Length of Stair Enclosure (m) 


900-mm 1100-mm 

Width Width 


1400-mm 

Width 


1650-mm 

Width 


2200-mm 

Width 


O.S 


3 


167 


280 


2.36 


2.76 


3.36 


3.86 


4.96 


0.6 


4 


150 


280 


2.64 


3.04 


3.64 


4.14 


5.24 


0.7 


4 


175 


280 


2.64 


3.04 


3.64 


4.14 


5.24 


0.8 


5 


160 


280 


2.92 


3.32 


3.92 


4.42 


5.52 


0.9 


5 


180 


280 


2.92 


3.32 


3.92 


4.42 


5.52 


1.0 


6 


167 


280 


3.20 


3.60 


4.20 


4.70 


5.80 


1.1 


7 


158 


280 


3.48 


3.88 


4.48 


4.98 


6.08 


1.2 


7 


172 


280 


3.48 


3.88 


4.48 


4.98 


6.08 


1.3 


8 


163 


280 


3.76 


4.16 


4.76 


5.26 


6.36 


1.4 


8 


175 


280 


3.76 


4.16 


4.76 


5.26 


6.36 


1.5 


9 


167 


280 


4.04 


4.44 


5.04 


5.54 


6.64 


1.6 


9 


178 


280 


4.04 


4.44 


5.04 


5.54 


6.64 


1.7 


10 


170 


280 


4.32 


4.72 


5.32 


5.82 


6.92 


1.8 


10 


180 


280 


4.32 


4.72 


5.32 


5.82 


6.92 


1.9 


11 


173 


280 


4.60 


5.00 


5.60 


6.10 


7.20 


2.0 


12 


167 


280 


4.88 


5.28 


5.88 


6.38 


7.48 


2.1 


12 


175 


280 


4.88 


5.28 


5.88 


6.38 


7.48 


2.2 


13 


170 


280 


5.16 


5.56 


6.16 


6.66 


7.76 


2.3 


13 


177 


280 


5.16 


5.56 


6.16 


6.66 


7.76 


2.4 


14 


172 


280 


5.44 


5.84 


6.44 


6.94 


8.04 


2.5 


14 


179 


280 


5.44 


5.84 


6.44 


6.94 


8.04 


2.6 


15 


174 


280 


5.72 


6.12 


6.72 


7.22 


8.32 


2.7 


15 


180 


280 


5.72 


6.12 


6.72 


7.22 


8.32 


2.8 


16 


175 


280 


6.00 


6.40 


7.00 


7.50 


8.60 


2.9 


17 


171 


280 


6.28 


6.68 


7.28 


7.78 


8.88 


3.0 


17 


177 


280 


6.28 


6.68 


7.28 


7.78 


8.88 


3.1 


18 


173 


280 


6.56 


6.96 


7.56 


8.06 


9.16 


3.2 


18 


178 


280 


6.56 


6.96 


7.56 


8.06 


9.16 


3.3 


19 


174 


280 


6.84 


7.24 


7.84 


8.34 


9.44 


3.4 


19 


179 


280 


6.84 


7.24 


7.84 


8.34 


9.44 


3.5 


20 


175 


280 


7.12 


7.52 


8.12 


8.62 


9.72 


3.6 


20 


180 


280 


7.12 


7.52 


8.12 


8.62 


9.72 


3.7 


21 


177 


280 


7.40 


7.80 


8.40 


8.90 


10.00 




ONE-FLIGHT STAIR 




STAIRWAY AND RAMP DESIGN 





EXIT STAIRWAY DESIGN TABLES 



TWO-FLIGHT STAIR: ENGLISH UNITS 



Floor- Overall Inside Length of Stair Enclosure (ft-in.) 



to-Floor 

Height 

(ft-in.) 


Number 

of 

Risers 


Riser 

Height 

(in.) 


Tread 

Depth 

(in.) 


36" 

Width 


44" 

Width 


56" 

Width 


66" 

Width 


88" 

Width 


7-8^ 


14 


6.57 


11 


11-6 


12-10 


14-10 


16-6 


20-2 


8-0^ 


14 


6.86 


11 


11-6 


12-10 


14-10 


16-6 


20-2 


8-4 


15 


6.67 


11 


12-5 


13-9 


15-9 


17-5 


21-1 


8-8 


15 


6.93 


11 


12-5 


13-9 


15-9 


17-5 


21-1 


9-0 


16 


6.75 


11 


12-5 


13-9 


15-9 


17-5 


21-1 


9-4 


16 


7.00 


11 


12-5 


13-9 


15-9 


17-5 


21-1 


9-8 


17 


6.82 


11 


13-4 


14-8 


16-8 


18-4 


22-0 


10-0 


18 


6.67 


11 


13-4 


14-8 


16-8 


18-4 


22-0 


10-4 


18 


6.89 


11 


13-4 


14-8 


16-8 


18-4 


22-0 


10-8 


19 


6.74 


11 


14-3 


15-7 


17-7 


19-3 


22-11 


11-0 


19 


6.95 


11 


14-3 


15-7 


17-7 


19-3 


22-11 


11-4 


20 


6.80 


11 


14-3 


15-7 


17-7 


19-3 


22-11 


11-8 


20 


7.00 


11 


14-3 


15-7 


17-7 


19-3 


22-11 


12-0 


21 


6.86 


11 


15-2 


16-6 


18-6 


20-2 


23-10 


12-4 


22 


6.73 


11 


15-2 


16-6 


18-6 


20-2 


23-10 


12-8 


22 


6.91 


11 


15-2 


16-6 


18-6 


20-2 


23-10 


13-0 


23 


6.78 


11 


16-1 


17-5 


19-5 


21-1 


24-9 


13-4 


23 


6.96 


11 


16-1 


17-5 


19-5 


21-1 


24-9 


13-8 


24 


6.83 


11 


16-1 


17-5 


19-5 


21-1 


24-9 


14-0 


24 


7.00 


11 


16-1 


17-5 


19-5 


21-1 


24-9 


14-4 


25 


6.88 


11 


17-0 


18-4 


20-4 


22-0 


25-8 


14-8 


26 


6.77 


11 


17-0 


18-4 


20-4 


22-0 


25-8 


15-0 


26 


6.92 


11 


17-0 


18-4 


20-4 


22-0 


25-8 


16-0 


28 


6.86 


11 


17-11 


19-3 


21-3 


22-11 


26-7 


17-0 


30 


6.80 


11 


18-10 


20-2 


22-2 


23-10 


27-6 


18-0 


31 


6.97 


11 


19-9 


21-1 


23-1 


24-9 


28-5 


19-0 


33 


6.91 


11 


20-8 


22-0 


24-0 


25-8 


29-4 


20-0 


35 


6.86 


11 


21-7 


22-11 


24-11 


26-7 


30-3 


21-0 


36 


7.00 


11 


21-7 


22-11 


24-11 


26-7 


30-3 


22-0 


38 


6.95 


11 


22-6 


23-10 


25-10 


27-6 


31-2 


23-0 


40 


6.90 


11 


23-5 


24-9 


26-9 


28-5 


32-1 


24-0 


42 


6.86 


11 


24-4 


25-8 


27-8 


29-4 


33-0 



®The headroom in these stairs may be deficient, depending on the detailing of the stair structure. 

Stairway widths may be determined rapidly by using the tables and graphs on pages 302-303 and 308-309. 






EXIT STAIRWAY DESIGN TABLES 



TWO-FLIGHT STAIR: METRIC UNITS (280-MM TREAD, MAXIMUM 180-MM RISER) 



Floor- Overall Inside Length of Stair Enclosure (m) 



to-Floor 

Height 

(m) 


Number 

of 

Risers 


Riser 

Height 

(mm) 


Tread 

Depth 

(mm) 


900-mm 

Width 


1100-mm 

Width 


1400-mm 

Width 


1650-mm 

Width 


2200-mm 

Width 


2.3 


13 


177 


280 


3.48 


3.88 


4.48 


4.98 


6.08 


2.4 


14 


172 


280 


3.48 


3.88 


4.48 


4.98 


6.08 


2.5 


14 


179 


280 


3.48 


3.88 


4.48 


4.98 


6.08 


2.6 


15 


174 


280 


3.76 


4.16 


4.76 


5.26 


6.36 


2.7 


15 


180 


280 


3.76 


4.16 


4.76 


5.26 


6.36 


2.8 


16 


175 


280 


3.76 


4.16 


4.76 


5.26 


6.36 


2.9 


17 


171 


280 


4.04 


4.44 


5.04 


5.54 


6.64 


3.0 


17 


177 


280 


4.04 


4.44 


5.04 


5.54 


6.64 


3.1 


18 


173 


280 


4.04 


4.44 


5.04 


5.54 


6.64 


3.2 


18 


178 


280 


4.04 


4.44 


5.04 


5.54 


6.64 


3.3 


19 


174 


280 


4.32 


4.72 


5.32 


5.82 


6.92 


3.4 


19 


179 


280 


4.32 


4.72 


5.32 


5.82 


6.92 


3.5 


20 


175 


280 


4.32 


4.72 


5.32 


5.82 


6.92 


3.6 


20 


180 


280 


4.32 


4.72 


5.32 


5.82 


6.92 


3.7 


21 


177 


280 


4.60 


5.00 


5.60 


6.10 


7.20 


3.8 


22 


173 


280 


4.60 


5.00 


5.60 


6.10 


7.20 


3.9 


22 


178 


280 


4.60 


5.00 


5.60 


6.10 


7.20 


4.0 


23 


174 


280 


4.88 


5.28 


5.88 


6.38 


7.48 


4.1 


23 


179 


280 


4.88 


5.28 


5.88 


6.38 


7.48 


4.2 


24 


175 


280 


4.88 


5.28 


5.88 


6.38 


7.48 


4.3 


24 


180 


280 


4.88 


5.28 


5.88 


6.38 


7.48 


4.4 


25 


176 


280 


5.16 


5.56 


6.16 


6.66 


7.76 


4.5 


25 


180 


280 


5.16 


5.56 


6.16 


6.66 


7.76 


4.8 


27 


178 


280 


5.44 


5.84 


6.44 


6.94 


8.04 


5.1 


29 


176 


280 


5.72 


6.12 


6.72 


7.22 


8.32 


5.4 


30 


180 


280 


5.72 


6.12 


6.72 


7.22 


8.32 


5.7 


32 


179 


280 


6.00 


6.40 


7.00 


7.50 


8.60 


6.0 


34 


177 


280 


6.28 


6.68 


7.28 


7.78 


8.88 


6.3 


35 


180 


280 


6.56 


6.96 


7.56 


8.06 


9.16 


6.6 


37 


179 


280 


6.84 


7.24 


7.84 


8.34 


9.44 


6.9 


39 


177 


280 


7.12 


7.52 


8.12 


8.62 


9.72 


7.2 


40 


180 


280 


7.12 


7.52 


8.12 


8.62 


9.72 


7.4 


42 


177 


280 


7.40 


7.80 


8.40 


8.90 


100 
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EXIT STAIRWAY DESIGN TABLES 



THREE-FLIGHT STAIR: ENGLISH UNITS 



Floor- Overall Inside Length of Stair Enclosure (ft-in.) 



to-Floor 

Height 

(ft-in.) 


Number 

of 

Risers 


Riser 

Height 

(in.) 


Tread 

Depth 

(in.) 


36" 

Width 


44" 

Width 


56" 

Width 


66" 

Width 


88" 

Width 


12-0 


21 


6.86 


11 


11-6 


12-10 


14-10 


16-6 


20-2 


12-4 


22 


6.73 


11 


12-5 


13-9 


15-9 


17-5 


21-1 


12-8 


22 


6.91 


11 


12-5 


13-9 


15-9 


17-5 


21-1 


13-0 


23 


6.78 


11 


12-5 


13-9 


15-9 


17-5 


21-1 


13-4 


23 


6.96 


11 


12-5 


13-9 


15-9 


17-5 


21-1 


13-8 


24 


6.83 


11 


12-5 


13-9 


15-9 


17-5 


21-1 


14-0 


24 


7.00 


11 


12-5 


13-9 


15-9 


17-5 


21-1 


14-4 


25 


6.88 


11 


13-4 


14-8 


16-8 


18-4 


22-0 


14-8 


26 


6.77 


11 


13-4 


14-8 


16-8 


18-4 


22-0 


15-0 


26 


6.92 


11 


13-4 


14-8 


16-8 


18-4 


22-0 


16-0 


28 


6.86 


11 


14-3 


15-7 


17-7 


19-3 


22-11 


17-0 


30 


6.80 


11 


14-3 


15-7 


17-7 


19-3 


22-11 


18-0 


31 


6.97 


11 


15-2 


16-6 


18-6 


20-2 


23-10 


19-0 


33 


6.91 


11 


15-2 


16-6 


18-6 


20-2 


23-10 


20-0 


35 


6.86 


11 


16-1 


17-5 


19-5 


21-1 


24-9 


21-0 


36 


7.00 


11 


16-1 


17-5 


19-5 


21-1 


24-9 


22-0 


38 


6.95 


11 


17-0 


18-4 


20-4 


22-0 


25-8 


23-0 


40 


6.90 


11 


17-11 


19-3 


21-3 


22-11 


26-7 


24-0 


42 


6.86 


11 


17-11 


19-3 


21-3 


22-11 


26-7 



Stairway widths may be determined rapidly by using the tables and graphs on pages 302-303 and 308-309. 
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EXIT STAIRWAY DESIGN TABLES 



THREE-FLIGHT STAIR: METRIC UNITS (280-MM TREAD, MAXIMUM 180-MM RISER) 

Floor- Overall Inside Length of Stair Enclosure (m) 



to-Floor 

Height 

(m) 


Number 

of 

Risers 


Riser 

Height 

(mm) 


Tread 

Depth 

(mm) 


900-mm 

Width 


1100-mm 

Width 


1400-mm 

Width 


1650-mm 

Width 


2200-mm 

Width 


3.6 


20 


180 


280 


3.48 


3.88 


4.48 


4.98 


6.08 


3.7 


21 


177 


280 


3.48 


3.88 


4.48 


4.98 


6.08 


3.8 


22 


173 


280 


3.76 


4.16 


4.76 


5.26 


6.36 


3.9 


22 


178 


280 


3.76 


4.16 


4.76 


5.26 


6.36 


4.0 


23 


174 


280 


3.76 


4.16 


4.76 


5.26 


6.36 


4.1 


23 


179 


280 


3.76 


4.16 


4.76 


5.26 


6.36 


4.2 


24 


175 


280 


3.76 


4.16 


4.76 


5.26 


6.36 


4.3 


24 


180 


280 


3.76 


4.16 


4.76 


5.26 


6.36 


4.4 


25 


176 


280 


4.04 


4.44 


5.04 


5.54 


6.64 


4.5 


25 


180 


280 


4.04 


4.44 


5.04 


5.54 


6.64 


4.8 


27 


178 


280 


4.04 


4.44 


5.04 


5.54 


6.64 


5.1 


29 


176 


280 


4.32 


4.72 


5.32 


5.82 


6.92 


5.4 


30 


180 


280 


4.32 


4.72 


5.32 


5.82 


6.92 


5.7 


32 


179 


280 


4.60 


5.00 


5.60 


6.10 


7.20 


6.0 


34 


177 


280 


4.88 


5.28 


5.88 


6.38 


7.48 


6.3 


35 


180 


280 


4.88 


5.28 


5.88 


6.38 


7.48 


6.6 


37 


179 


280 


5.16 


5.56 


6.16 


6.66 


7.76 


6.9 


39 


177 


280 


5.16 


5.56 


6.16 


6.66 


7.76 


7.2 


40 


180 


280 


5.44 


5.84 


6.44 


6.94 


8.04 


7.4 


42 


177 


280 


5.44 


5.84 


6.44 


6.94 


8.04 




STAIRWAY AND RAMP DESIGN 







EXIT STAIRWAY DESIGN TABLES 



FOUR-FLIGHT STAIR: ENGLISH UNITS 

Floor- Overall Inside Length of Stair Enclosure (ft-in.) 



to-Floor 

Height 

(ft-in.) 


Number 

of 

Risers 


Riser 

Height 

(in.) 


Tread 

Depth 

(in.) 


36" 

Width 


44" 

Width 


56" 

Width 


66" 

Width 


88" 

Width 


16-0 


28 


6.86 


11 


11-6 


12-10 


14-10 


16-6 


20-2 


17-0 


30 


6.80 


11 


12-5 


13-9 


15-9 


17-5 


21-1 


18-0 


31 


6.97 


11 


12-5 


13-9 


15-9 


17-5 


21-1 


19-0 


33 


6.91 


11 


13-4 


14-8 


16-8 


18-4 


22-0 


20-0 


35 


6.86 


11 


13-4 


14-8 


16-8 


18-4 


22-0 


21-0 


36 


7.00 


11 


13-4 


14-8 


16-8 


18-4 


22-0 


22-0 


38 


6.95 


11 


14-3 


15-7 


17-7 


19-3 


22-11 


23-0 


40 


6.90 


11 


14-3 


15-7 


17-7 


19-3 


22-11 


24-0 


42 


6.86 


11 


15-2 


16-6 


18-6 


20-2 


23-10 



Stairway widths may be determined rapidly by using the tables and graphs on pages 302-303 and 308-309. 
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EXIT STAIRWAY DESIGN TABLES 



FOUR-FLIGHT STAIR: METRIC UNITS (280-MM TREAD, MAXIMUM 180-MM RISER) 



Floor- Overall Inside Length of Stair Enclosure (m) 



to-Floor 

Height 

(m) 


Number 

of 

Risers 


Riser 

Height 

(mm) 


Tread 

Depth 

(mm) 


900-mm 

Width 


1100-mm 

Width 


1400-mm 

Width 


1650-mm 

Width 


2200-mm 

Width 


4.8 


27 


178 


280 


3.48 


3.88 


4.48 


4.98 


6.08 


5.1 


29 


176 


280 


3.76 


4.16 


4.76 


5.26 


6.36 


5.4 


30 


180 


280 


3.76 


4.16 


4.76 


5.26 


6.36 


5.7 


32 


179 


280 


3.76 


4.16 


4.76 


5.26 


6.36 


6.0 


34 


177 


280 


4.04 


4.44 


5.04 


5.54 


6.64 


6.3 


35 


180 


280 


4.04 


4.44 


5.04 


5.54 


6.64 


6.6 


37 


179 


280 


4.32 


4.72 


5.32 


5.82 


6.92 


6.9 


39 


177 


280 


4.32 


4.72 


5.32 


5.82 


6.92 


7.2 


40 


180 


280 


4.32 


4.72 


5.32 


5.82 


6.92 


7.4 


42 


177 


280 


4.60 


5.00 


5.60 


6.10 


7.20 




STAIRWAY AND RAMP DESIGN 






EXIT STAIRWAY DESIGN TABLES 



DOUGHNUT STAIR: ENGLISH UNITS 



Floor- 










Overall Inside Length of Stair Enclosure (ft-in.) 




to-Floor 


Number 


Riser 


Tread 














Height 


of 


Height 


Depth 


36" 


44" 


56" 




66" 


88" 


(ft-in.) 


Risers 


(in.) 


(in.) 


Width 


Width 


Width 




Width 


Width 


7-8 


14 


6.57 


11 


7-10 X 8-9 


9-2 X 10-1 


11-2 X 


12-1 


12-10 X 13-9 


16-6 X 17-5 


8-0 


14 


6.86 


11 


7-10 X 8-9 


9-2 X 10-1 


11-2 X 


12-1 


12-10 X 13-9 


16-6 X 17-5 


8-4 


15 


6.67 


11 


8-9 X 8-9 


10-1 X 10-1 


12-1 X 


12-1 


13-9 X 13-9 


17-5 X 17-5 


8-8 


15 


6.93 


11 


8-9 X 8-9 


10-1 X 10-1 


12-1 X 


12-1 


13-9 X 13-9 


17-5 X 17-5 


9-0 


16 


6.75 


11 


8-9 X 8-9 


10-1 X 10-1 


12-1 X 


12-1 


13-9 X 13-9 


17-5 X 17-5 


9-4 


16 


7.00 


11 


8-9 X 8-9 


10-1 X 10-1 


12-1 X 


12-1 


13-9 X 13-9 


17-5 X 17-5 


9-8 


17 


6.82 


11 


8-9 X 9-8 


10-1 X 11-0 


12-1 X 


13-0 


13-9 X 14-8 


17-5 X 18-4 


10-0 


18 


6.67 


11 


8-9 X 9-8 


10-1 X 11-0 


12-1 X 


13-0 


13-9 X 14-8 


17-5 X 18-4 


10-4 


18 


6.89 


11 


8-9 X 9-8 


10-1 X 11-0 


12-1 X 


13-0 


13-9 X 14-8 


17-5 X 18-4 


10-8 


19 


6.74 


11 


9-8 X 9-8 


11-0 X 11-0 


13-0 X 


13-0 


14-8 X 14-8 


18-4 X 18-4 


11-0 


19 


6.95 


11 


9-8 X 9-8 


11-0 X 11-0 


13-0 X 


13-0 


14-8 X 14-8 


18-4 X 18-4 


11-4 


20 


6.80 


11 


9-8 X 9-8 


11-0 X 11-0 


13-0 X 


13-0 


14-8 X 14-8 


18-4 X 18-4 


11-8 


20 


7.00 


11 


9-8 X 9-8 


11-0 X 11-0 


13-0 X 


13-0 


14-8 X 14-8 


18-4 X 18-4 


12-0 


21 


6.86 


11 


9-8 X 10-7 


11-0 X 11-11 


13-0 X 


13-11 


14-8 X 15-7 


18-4 X 19-3 


12-4 


22 


6.73 


11 


9-8 X 10-7 


11-0 X 11-11 


13-0 X 


13-11 


14-8 X 15-7 


18-4 X 19-3 


12-8 


22 


6.91 


11 


9-8 X 10-7 


11-0 X 11-11 


13-0 X 


13-11 


14-8 X 15-7 


18-4 X 19-3 


13-0 


23 


6.78 


11 


10-7 X 10-7 


11-11 X 11-11 


13-11 X 


13-11 


15-7 X 15-7 


19-3 X 19-3 


13-4 


23 


6.96 


11 


10-7 X 10-7 


11-11 X 11-11 


13-11 X 


13-11 


15-7 X 15-7 


19-3 X 19-3 


13-8 


24 


6.83 


11 


10-7 X 10-7 


11-11 X 11-11 


13-11 X 


13-11 


15-7 X 15-7 


19-3 X 19-3 


14-0 


24 


7.00 


11 


10-7 X 10-7 


11-11 X 11-11 


13-11 X 


13-11 


15-7 X 15-7 


19-3 X 19-3 


14-4 


25 


6.88 


11 


10-7 X 11-6 


11-11 X 12-10 


13-11 X 


14-10 


15-7 X 16-6 


19-3 X 20-2 


14-8 


26 


6.77 


11 


10-7 X 11-6 


11-11 X 12-10 


13-11 X 


14-10 


15-7 X 16-6 


19-3 X 20-2 


15-0 


26 


6.92 


11 


10-7 X 11-6 


11-11 X 12-10 


13-11 X 


14-10 


15-7 X 16-6 


19-3 X 20-2 


16-0 


28 


6.86 


11 


11-6 X 11-6 


12-10 X 12-10 


14-10 X 


14-10 


16-6 X 16-6 


20-2 X 20-2 


17-0 


30 


6.80 


11 


11-6 X 12-5 


12-10 X 13-9 


14-10 X 


15-9 


16-6 X 17-5 


20-2 X 21-1 


18-0 


31 


6.97 


11 


12-5 X 12-5 


13-9 X 13-9 


15-9 X 


15-9 


17-5 X 17-5 


21-1 X 21-1 


19-0 


33 


6.91 


11 


12-5 X 13-4 


13-9 X 14-8 


15-9 X 


16-8 


17-5 X 18-4 


21-1 X 22-0 


20-0 


35 


6.86 


11 


13-4 X 13-4 


14-8 X 14-8 


16-8 X 


16-8 


18-4 X 18-4 


22-0 X 22-0 


21-0 

23-0 


36 

38 


7.00 

6.95 


11 

11 


13-4 X 13-4 
13-4 X 14-3 


14-8 X 14-8 
14-8 X 15-7 


16-8 X 
16-8 X 


16-8 

17-7 


18-4 X 18-4 
18-4 X 19-3 


22-0 X 22-0 
22-0 X 22-11 


40 


6.90 


11 


14-3 X 14-3 


15-7 X 15-7 


17-7 X 


17-7 


19-3 X 19-3 


22-11 X 22-11 


24-0 


42 


6.86 


11 


14-3 X 15-2 


15-7 X 16-6 


17-7 X 


18-6 


19-3 X 20-2 


22-11 X 23-10 



Stairway widths may be determined rapidly by using the tables and graphs on pages 302-303 and 308-309. 






EXIT STAIRWAY DESIGN TABLES 



DOUGHNUT STAIR: METRIC UNITS (280-MM TREAD, 180-MM RISER) 



Floor- Overall Inside Length of Stair Enclosure (m) 



to-Floor 


Number 


Riser 


Tread 












Height 


of 


Height 


Depth 


900-mm 


IlOO-mm 


1400-mm 


1650-mm 


2200-mm 


(m) 


Risers 


(mm) 


(mm) 


Width 


Width 


Width 


Width 


Width 


2.3 


13 


177 


280 


2.36 X 2.64 


2.76 X 3.04 


3.36 X 3.64 


3.86 X 4.14 


4.96 X 5.24 


2.4 


14 


172 


280 


2.36 X 2.64 


2.76 X 3.04 


3.36 X 3.64 


3.86 X 4.14 


4.96 X 5.24 


2.5 


14 


179 


280 


2.36 X 2.64 


2.76 X 3.04 


3.36 X 3.64 


3.86 X 4.14 


4.96 X 5.24 


2.6 


15 


174 


280 


2.64 X 2.64 


3.04 X 3.04 


3.64 X 3.64 


4.14 X 4.14 


5.24 X 5.24 


2.7 


15 


180 


280 


2.64 X 2.64 


3.04 X 3.04 


3.64 X 3.64 


4.14 X 4.14 


5.24 X 5.24 


2.8 


16 


175 


280 


2.64 X 2.64 


3.04 X 3.04 


3.64 X 3.64 


4.14 X 4.14 


5.24 X 5.24 


2.9 


17 


171 


280 


2.64 X 2.92 


3.04 X 3.32 


3.64 X 3.92 


4.14 X 4.42 


5.24 X 5.52 


3.0 


17 


177 


280 


2.64 X 2.92 


3.04 X 3.32 


3.64 X 3.92 


4.14 X 4.42 


5.24 X 5.52 


3.1 


18 


173 


280 


2.64 X 2.92 


3.04 X 3.32 


3.64 X 3.92 


4.14 X 4.42 


5.24 X 5.52 


3.2 


18 


178 


280 


2.64 X 2.92 


3.04 X 3.32 


3.64 X 3.92 


4.14 X 4.42 


5.24 X 5.52 


3.3 


19 


174 


280 


2.92 X 2.92 


3.32 X 3.32 


3.92 X 3.92 


4.42 X 4.42 


5.52 X 5.52 


3.4 


19 


179 


280 


2.92 X 2.92 


3.32 X 3.32 


3.92 X 3.92 


4.42 X 4.42 


5.52 X 5.52 


3.5 


20 


175 


280 


2.92 X 2.92 


3.32 X 3.32 


3.92 X 3.92 


4.42 X 4.42 


5.52 X 5.52 


3.6 


20 


180 


280 


2.92 X 2.92 


3.32 X 3.32 


3.92 X 3.92 


4.42 X 4.42 


5.52 X 5.52 


3.7 


21 


177 


280 


2.92 X 3.20 


3.32 X 3.60 


3.92 X 4.20 


4.42 X 4.70 


5.52 X 5.80 


3.8 


22 


173 


280 


2.92 X 3.20 


3.32 X 3.60 


3.92 X 4.20 


4.42 X 4.70 


5.52 X 5.80 


3.9 


22 


178 


280 


2.92 X 3.20 


3.32 X 3.60 


3.92 X 4.20 


4.42 X 4.70 


5.52 X 5.80 


4.0 


23 


174 


280 


3.20 X 3.20 


3.60 X 3.60 


4.20 X 4.20 


4.70 X 4.70 


5.80 X 5.80 


4.1 


23 


179 


280 


3.20 X 3.20 


3.60 X 3.60 


4.20 X 4.20 


4.70 X 4.70 


5.80 X 5.80 


4.2 


24 


175 


280 


3.20 X 3.20 


3.60 X 3.60 


4.20 X 4.20 


4.70 X 4.70 


5.80 X 5.80 


4.3 


24 


180 


280 


3.20 X 3.20 


3.60 X 3.60 


4.20 X 4.20 


4.70 X 4.70 


5.80 X 5.80 


4.4 


25 


176 


280 


3.20 X 3.48 


3.60 X 3.88 


4.20 X 4.48 


4.70 X 4.98 


5.80 X 6.08 


4.5 


25 


180 


280 


3.20 X 3.48 


3.60 X 3.88 


4.20 X 4.48 


4.70 X 4.98 


5.80 X 6.08 


4.8 


27 


178 


280 


3.48 X 3.48 


3.88 X 3.88 


4.48 X 4.48 


4.98 X 4.98 


6.08 X 6.08 


5.1 


29 


176 


280 


3.48 X 3.76 


3.88 X 4.16 


4.48 X 4.76 


4.98 X 5.26 


6.08 X 6.36 


5.4 


30 


180 


280 


3.48 X 3.76 


3.88 X 4.16 


4.48 X 4.76 


4.98 X 5.26 


6.08 X 6.36 


5.7 


32 


179 


280 


3.76 X 3.76 


4.16 X 4.16 


4.76 X 4.76 


5.26 X 5.26 


6.36 X 6.36 


6.0 


34 


177 


280 


3.76 X 4.04 


4.16 X 4.44 


4.76 X 5.04 


5.26 X 5.54 


6.36 X 6.64 


6.3 


35 


180 


280 


4.04 X 4.04 


4.44 X 4.44 


5.04 X 5.04 


5.54 X 5.54 


6.64 X 6.64 


6.6 


37 


179 


280 


4.04 X 4.32 


4.44 X 4.72 


5.04 X 5.32 


5.54 X 5.82 


6.64 X 6.92 


6.9 


39 


177 


280 


4.32 X 4.32 


4.72 X 4.72 


5.32 X 5.32 


5.82 X 5.82 


6.92 X 6.92 


7.2 


40 


180 


280 


4.32 X 4.32 


4.72 X 4.72 


5.32 X 5.32 


5.82 X 5.82 


6.92 X 6.92 


7.4 


42 


177 


280 


4.32 X 4.60 


4.72 X 5.00 


5.32 X 5.60 


5.82 X 6.10 


6.92 X 7.20 




enclosure 
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1 

DESIGN 

CRITERIA 

FOR 

PARKING 

FACILITIES 



This chapter will help you select an 
appropriate type of parking facility and 
establish criteria for its capacity, level of 
amenity, and accessibility. For facilities 
other than surface parking, it will also assist 
you in the selection and configuration of 
a structural system. 



Parking Facility Types 331 
Parking Capacity and Level of Service 332 
Accessible Parking 334 
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PARKING FACILITY TYPES 



Surface parking is constructed sole- 
ly at grade. It is the least expen- 
sive form of parking, requiring little 
more than site preparation, paving, 
and related improvements. Surface 
parking is the most land-use inten- 
sive of all parking types and also 
the most common type, comprising 
more than two-thirds of all parking 
in the United States. 

Structured parking consists of 
parking contained within enclosed 
or open buildings. In comparison to 
surface parking, structured parking 
consumes less land. However, the 
required building structure adds 
significant cost. Structured park- 
ing is normally chosen where the 
high cost or limited availability of 
land make surface parking uneco- 
nomical or impractical. Structured 
parking is also a better choice for 
very large parking facilities where 
the walking distance from parking 
stalls to the facility served becomes 
uncomfortably long in a surface 
parking solution. 

Structured parking can be 
open or enclosed. Open parking 
relies on natural ventilation to pre- 
vent the dangerous accumulation of 
toxic exhaust gasses or flammable 
vapors within the structure. 

Where natural ventilation is 
not a practical option, parking 
may be contained in mechani- 
cally ventilated structures called 
enclosed parking. Because of the 
added expense of the mechani- 
cal systems and a complete build- 
ing enclosure, enclosed parking 
structures are more expensive than 
open ones. Enclosed parking may 
be constructed above or below 
grade. Above-grade structures 
are designed as enclosed rather 



than open when natural ventila- 
tion is not practical, such as where 
exterior walls abut other build- 
ings or are too close to permit the 
extensive openings required for 
an open garage. Wherever parking 
is constructed substantially below 
grade, enclosed parking is the 
only choice, since natural ventila- 
tion is not feasible. Because of the 
significant added costs associated 
with excavation and other aspects 
of below-ground construction, 
enclosed below-grade parking is 
the most expensive form of conven- 
tional parking facility. On the other 
hand, from a resource conservation 
point of view, it may also consume 
the least land of any conventional 
type of parking facility. 

Automated parking is a spe- 
cialized type of structured parking 
in which vehicles are transport- 
ed within the facility on specially 
designed lifting and conveying 
equipment rather than through a 
conventional system of drivable 
ramps and parking aisles. The 
additional expense of the con- 
veying systems in these facilities 
is offset by their ability to store 
roughly twice as many vehicles as 
a conventional facility of equal size. 
Automated parking facilities may 
also offer advantages in improved 
car security, lower staffing costs, 
and more rapid vehicle delivery 
than conventional facilities. They 
are most economically attractive in 
locations with very high land costs 
or on highly constrained sites. This 
chapter does not provide design 
guidelines for this type of facility; 
manufacturers of automated park- 
ing facility equipment should be 
consulted for more information. 




OPEN PARiaNG STRUCTURE WITH 
NATURAL VENTILATION 
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ENCLOSED BELOW-GRADE PARKING 
STRUCTURE WITH MECHANICAL 
VENTILATION 



In summary, listed in order from 
lowest to highest cost, the choice of 
parking facility type is typically as 
follows: 

■ Surface parking 

■ Open parking structure, above 
grade 

■ Enclosed parking structure, 
above grade 

■ Enclosed parking structure, 
below grade 
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■ Automated parking facility 




PARKING CAPACITY AND LEVEL OF SERVICE 



PARKING CAPACITY 

The planned capacity of a park- 
ing facility, that is, the number of 
parking stalls that will be provided, 
may be dictated by local land-use 
regulations or other ordinances, or 
it may be established on the basis 
of anticipated demand, reflecting 
the parking needs of the facili- 
ties to be served. Ordinances that 
dictate parking requirements are 
not addressed in this chapter, as 
they are unique to each locality. 
The designer should always seek 
out such information and verify the 
regulatory requirements for his or 
her project at the earliest possible 
stage of design. 

Where parking capacity is 
based on estimates of demand, 
factors to be considered may 
include the types of facilities being 
served, analyses of comparable 
sites, expected peak and average 
parking volumes, level of service 
expectations, anticipated use pat- 
terns, the impact of nearby existing 
or planned parking facilities, area 
traffic studies, the availability of 
alternative transportation, and area 
economic and development pro- 
jections. Since the combination of 
such factors is unique to any loca- 
tion, no one set of parking demand 
figures can be applied univer- 
sally to all sites. However, where 
location-specific information is not 
available or has not yet been devel- 
oped, the recommended parking 
ratios provided in the table on this 
page may be used for preliminary 
design purposes. 



FACILITY LEVEL OF 
SERVICE 

Parking facility design allows trade- 
offs between user convenience and 
comfort, on the one hand, and the 
economy and compactness of the 
facility, on the other. For example. 



Type of Use Served by Parking 


Recommended Parking Ratios 
for Preliminary Design 
(1000 gross ft^ = 93 m^ gross) 


Assembly Spaces such as 
theaters, arenas, cinemas, etc. 


0.25 to 0.5 spaces per seat or occupant 


Convenience Stores 


2-10 per 1000 gross ft^ 


Convention Centers 


20 per 1000 gross ft^ 


Hospitals and Medical Centers 


The sum of: 

0.1-0.75 per staff, plus 
0.3-0.75 per bed, plus 
0.2 per daily outpatient 
Or: 4-10 per 1000 gross ft^ 


Hotels 


The sum of: 

0.2-1 .5 spaces per room, plus 
10-20 per 1000 gross ft^ of public 
space and meeting rooms 


Industrial Facilities 


0.5-4 per 1000 gross ft^ 


Office Buildings 


0.5-3 per 1000 gross ft^ 


Residential, Single-Family 


1-2 spaces per dwelling unit 


Residential, Multifamily 


0.5-2 spaces per dwelling unit 


Restaurants 


10-25 per 1000 gross ft^ 


Retail 


2-4 per 1000 gross ft^ 


Schools K-12 


The sum of: 

1-1.5 per classroom, plus 
0.25 per driving age student 


Shopping Centers, Malls 


4-6 per 1000 gross ft^ 


Universities 


The sum of: 

0. 1-0.5 spaces per student, and 
0.8 spaces per staff 



the optimal size of a stall in a park- 
ing garage built in a dense urban 
setting, where space is at a premium 
and users are accustomed to con- 
strained parking conditions, may be 
significantly smaller than that of a 
stall in a suburban shopping center, 
where land costs are lower and user 
amenity is a higher priority. Similar 
trade-offs may be made for the 
width of driving lanes, turning radii, 
floor-to-ceiling heights, driving and 
walking distances within the facil- 
ity, traffic flow capacity, wait times 
at entrances and exits, and other 
aspects of the facility’s design. 



In this chapter, parking facili- 
ties are classified according to four 
levels of service, A through D. Level 
of Service A describes conditions 
that place the highest priority on 
user comfort and convenience; 
Level of Service D describes those 
placing the greatest emphasis on 
economy and the efficient utiliza- 
tion of space; and Levels of Service 
B and C represent intermediate 
conditions. In choosing a level of 
service for your project, the most 
important criteria are the famil- 
iarity of the user with the facil- 
ity (familiar users can comfortably 




PARKING CAPACITY AND LEVEL OF SERVICE 



tolerate lower level of service con- 
ditions), the rate of parking turn- 
over (with more vehicles moving 
through a facility at any given time, 
more generous dimensions should 
be provided to avoid conflicts or 
bottlenecks), and the expectations 
of the user (users accustomed to 
constrained parking conditions will 
be more tolerant of lower level 
of service conditions). Additional 
factors that may be considered 
in choosing the level of service 
for a facility include the following. 
Consider higher level of service 
designations for: 



■ Parking facilities in which users 
will frequently be carrying bulky 
packages or large materials 

■ Facilities used by the elderly or 
infirm 

■ Facilities serving family-oriented 
activities 

■ Outdoor parking in cold climate 
regions, where users wearing bulky 
clothing may have greater difficulty 
entering and exiting cars during 
periods of inclement weather 

■ Parking located in rural or sub- 
urban places where drivers are 
accustomed to readily available, 
less constrained parking 



Lower level of service designations 
may be appropriate for: 

■ All-day or long-term parking 

■ Employee parking, residential 
parking, and other parking for 
repeat users who will be familiar 
with a facility 

■ Parking located in dense urban 
areas, where users are accustomed 
to congested traffic conditions and 
limited availability of parking 

The following table provides rec- 
ommended level of service ranges 
for parking serving various types 
of uses. 



Recommended Level of Service (LOS) Range 


Type of Use Served by Parking 


LOS A 


LOSS 


LOS C 


LOSD 


Airports, Transportation 











Centers, all day and long-term 

Airports, Transportation Centers, 
short-term 

Assembly Spaces such as theaters, 
sports arenas, cinemas, etc. 

Convention Centers 

Hospitals and Medical Centers 

Hotels 

Industrial Facilities 
Office Buildings 
Residential 

Retail, Shopping Centers 
Schools K-12 



Universities 











ACCESSIBLE PARKING 



INTERNATIONAL 
BUILDING CODE 

The International Building Code 
requires accessible parking 
wherever surface or structured 
parking facilities serve accessi- 
ble buildings. This includes most 
building types except detached 
one- and two-family residences 
(see pages 281-285 for more 
information). The table on this 
page lists the number of acces- 
sible spaces required for parking, 
depending on the building type 
served. 

Where accessible parking 
spaces are required, one of every 
six spaces must be an accessi- 
ble van space. In other words, 
where 1 to 6 accessible spaces are 
required, at least 1 must be acces- 
sible for vans; where 7 to 12 acces- 
sible spaces are required, at least 
2 must be accessible for vans; and 
so on. 

Accessible parking spaces 
must be located along the short- 
est accessible route to the build- 
ing being served. Where there are 
multiple accessible entrances to a 
building, accessible parking spac- 
es must be similarly dispersed. 
However, due to the special ver- 
tical clearance requirements of 
accessible van spaces, these may 
always be located solely on one 
level of a multilevel parking facil- 
ity. Where accessible parking 
occurs on ramped tiers with slopes 
greater than 1:20 (5%), accessible 
334 routes must meet the requirements 
of accessible ramps. 

Accessible car spaces must be 
at least 96 in. (2440 mm) wide, 
and accessible van spaces must 
be at least 132 in. (3350 mm) wide. 
Accessible van spaces, and the 
parking facility aisles and lanes 
connecting these spaces to public 
roadways, must provide a minimum 
vertical clearance of 98 in. (2490 



-98" (2490 mm) or 84" 
(2134 mm) vertical 
clearance required for 
accessible van 
parking (see text) 



International Building 
Code 



DIMENSIONS FOR ACCESSIBLE PARKING IN THE INTERNATIONAL 
BUILDING CODE AND THE NATIONAL BUILDING CODE OF CANADA 



Type of Use Served by Parking 


Number of Accessible Parking 
Spaces Required by the International 
Building Code 


Hospital outpatient facilities 


10% of visitor and patient parking 


Rehabilitation and physical therapy 
facilities 


20% of visitor and patient parking 


Occupancy Group R-2 Multifamily 


2% of all parking, but not less than 1 


Residential and Group R-3 One- and 


accessible car space and 1 accessible van 


Two-Family Residential buildings, 
where required to provide Type A 
or Type B accessible units 


space 


All other accessible buildings with: 


1-25 total spaces 


1 accessible space 


26-50 total spaces 


2 accessible spaces 


51-75 total spaces 


3 accessible spaces 


76-100 total spaces 


4 accessible spaces 


101-150 total spaces 


5 accessible spaces 


151-200 total spaces 


6 accessible spaces 


201-500 total spaces 


6 accessible spaces, plus 1 per 100 
(or fraction of 100) over 200 


501-1000 total spaces 


2% of the total number of spaces to be 
accessible 


1001 or more spaces 


20 accessible spaces, plus 1 per 100 
(or fraction of 100) over 1000 



mm). Or, where such van spaces are or Miscellaneous Occupancies, the 
located in private garages serving required minimum vertical clear- 
R-2 or R-3 Residential, Multifamily ance is 84 in. (2134 mm). 








ACCESSIBLE PARKING 



All accessible parking spac- 
es must have an access aisle, at 
least 60 in. (1525 mm) wide on 
at least one side, extending the 
full length of the space. One aisle 
can be shared by two accessible 
spaces, with one space on either 
side. Where accessible van parking 
spaces are angled, the access aisle 
must be on the passenger side of 
the van. 



NATIONAL BUILDING 
CODE OF CANADA 

The National Building Code of 
Canada refers to local jurisdictions 
for barrier-free parking require- 
ments. In the absence of such 
requirements, the code provides 
guidelines recommending that 
wherever more than 50 surface or 
structured parking spaces are pro- 
vided, barrier-free spaces should 
be provided at the rate of one per 
every 100 spaces; see the table on 
this page. 



Type of Use Served by Parking 


Number of Accessible Parking Spaces 
Recommended by the National Building Code 
of Canada 


1-50 total spaces 


None 


51-100 total spaces 


1 accessible space 


101-200 total spaces 


2 accessible spaces 


201-300 total spaces 


3 accessible spaces 


301-400 total spaces 


4 accessible spaces 


401-500 spaces 


5 accessible spaces 


50 1 more total spaces 


1 accessible space for every 100 total spaces (or 
fraction of 100 spaces) 



Barrier-free parking spaces 
must be located close to a barrier- 
free entrance to the building they 
serve. Long paths of travel should 
be avoided. Where accessible 
parking occurs on ramped tiers 
with slopes greater than 1:20 (5%), 
barrier-free routes must meet all 
the requirements of barrier-free 
ramps (see pages 285-286 for 
more information on barrier-free 
routes) . 



Barrier-free spaces must be not 
less than 2400 mm (7'-l") wide and 
must be provided with an access 
aisle not less than 1500 mm (4- 11") 
wide on at least one side. One aisle 
can be shared by two barrier-free 
spaces, with one space on either 
side. 
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2 

CONFIGURING 

PARKING 

FACILITIES 



This chapter will aid you in the selection of 
a circulation scheme for your parking facil- 
ity, provide guidance in the design of other 
aspects of the facility, and, in the case of 
structured parking, offer recommendations 
for the choice of a structural system. 



Parking Circulation Basics 339 
Surface Parking Design 341 
Structured Parking Design 343 
Structural Systems for Structured Parking 347 
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PARKING CIRCULATION BASICS 



-Parking with angled stalls has a more narrow 
module than parking with 90-degree stalls. 







One-way traffic flow with angled stalls 
minimizes potential vehicle conflicts. 



PARKING AISLE WITH ONE-WAY TRAFFIC FLOW AND ANGLED STALLS 



ENTRANCES AND EXITS 

Parking facility entrances and exits 
should be located away from street 
intersections, especially busy ones. 
Entrances, suitably distant from 
intersections, may be located on 
streets with high volumes of traf- 
fic inbound to the facility, making 
them easy for drivers to find and 
access. Or, in congested areas, 
entrances may be located on sec- 
ondary streets to minimize interfer- 
ence with traffic on more heavily 
traveled thoroughfares. Entrances 
should provide one lane for every 
300 to 500 stalls of parking. Entrance 
lanes should be long enough to 
allow queuing of several vehicles 
ahead of control points or turns into 
parking aisles. In structured parking 
facilities on sloped sites, entrances 
should be located strategically to 
minimize ramping within the facil- 
ity. For example, for below-grade 
parking, it is advantageous to locate 
entrances close to the low end of 
the site. Where entrances and exits 
are separate, exits may be located 
where they discharge onto low-traf- 
fic-volume secondary streets, help- 
ing to minimize backups within the 
facility or disruption of traffic on 
main thoroughfares during times of 
heavy use. 



PARKING AISLES AND 
STALLS 

Within parking facilities, the 
designer has a choice of one-way or 
two-way traffic flow. One-way traf- 
fic flow minimizes opportunities for 
vehicle conflicts or collisions and 
reduces opportunities for conges- 
tion in heavily used facilities. One- 
way traffic flow is especially advan- 
tageous for structured parking 
facilities where driver site distanc- 
es tend to be limited and parking 
dimensions are constrained. With 
one-way traffic flow, parking stalls 



should be angled. Stalls angled 75 
degrees to the flow of traffic result 
in the highest efficiency, that is, 
the least area required per stall. 
Stalls angled at 60 degrees, though 
less efficient, may provide more 
comfortable vehicle entry and exit. 
Stalls angled at 45 degrees are the 
least efficient but also result in a 
parking module of the least width, 
that is, in the least combined width 
of drive aisle and stalls on either 
side. Intermediate angles may also 
be used, but stalls should never be 
angled at less than 45 degrees or 
more than 75 degrees. 



fG PARKING FACILITIES 





PARKING CIRCULATION BASICS 



Two-way traffic flow is most 
suitable for facilities with gener- 
ous vehicle clearances, for surface 
parking with multiple points of 
access where enforcing one-way 
flow is impractical, or where the 
configuration of structured park- 
ing requires two-way circulation. 
Where two-way traffic flow is pro- 
vided, 90-degree parking stalls are 
preferred to allow the greatest flex- 
ibility in entering and exiting stalls 
from either direction. However, 
where a narrower parking module 
is required, angled stalls also may 
be used with stalls on opposite 
sides of aisles angled for flow in 
opposite directions. When com- 
paring the space efficiency of 
90-degree and angled stalls, two- 
way aisles with 90-degree stalls are 
typically about as efficient as one- 
way aisles with 75-degree stalls, 
as the greater compactness of the 
90-degree stalls themselves is off- 
set by the wider aisles required for 
two-way traffic circulation. 

Circulation within a facility 
should be designed so that entering 
the facility, locating a stall, entering 
and exiting the stall, and leaving 
the facility require the fewest pos- 
sible distinct vehicle maneuvers, 
such as turns or reversals in direc- 
tion. Dead-end aisles should be 
avoided. The arrangements of stalls 
and aisles should be as consistent 
as possible from one section or 
tier of a facility to the next. There 
should be a logical, continuous 
route through the facility. 




are generous or facility configuration 
requires two-way flow. 

PARKING AISLE WITH TWO-WAY TRAFFIC FLOW 
AND 90-DEGREE STALLS 




results in a more narrow parking module 
than two-way traffic with 90-degree stalls. 



PARKING AISLE WITH TWO-WAY TRAFFIC FLOW 
AND ANGLED STALLS 
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SURFACE PARKING DESIGN 



SURFACE PARKING 
CIRCULATION 

In its most common arrangement, 
surface parking is configured with 
an access lane located directly 
in front of the buildings served 
by the parking and with parking 
aisles aligned at right angles to 
the access lane. This arrangement 
permits passenger pickup and 
drop-off close to building entranc- 
es and allows pedestrian circula- 
tion between stalls and building 
entrances to occur within vehicle 
aisles. With long, narrow sites, stall 
efficiency may dictate that aisles 
be parallel to the longer dimension 
of the site. In this case, dedicated 
pedestrian pathways crossing rows 
of parking stalls may be required. 
Providing perimeter stalls, as illus- 
trated in the accompanying dia- 
gram, increases stall efficiency but 
may interfere with snow removal in 
cold-climate regions. For the sizing 
of surface parking facilities, see 
pages 352-353. 



LANDSCAPING 

Where the priority is to maximize 
parking capacity, landscaping 
with trees and shrubs is custom- 
arily confined to areas unusable 
for parking, such as ends of stall 
rows, inaccessible corners, and so 
on. Alternatively, greater extents of 
landscaping may be incorporated 
into a facility to meet requirements 
set by local design ordinances, 
to enhance the facility’s comfort 
and appearance, or to mitigate its 
ecological impact. (In such cases, 
the number of available parking 
spaces will be reduced from the 
quantities indicated in the sizing 
guidelines provided in this chap- 
ter.) Where provided, landscaping 
must not interfere with sight lines. 
Plants that produce foliage within 
the range of 3 to 8 ft (0.9 to 2.4 
m) above the ground should be 
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/Perimeter stalls 
maximize capacity 
but may not be 
practical where snow 
^removal is required. 
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EXAMPLE SURFACE PARKING CIRCULATION PLAN 



avoided. Plants should also be kept 
comfortably away from vehicles to 
prevent damage to vehicle finishes 
and to avoid interference with users 
entering and exiting cars. 



SURFACE PARKING AND 
SUSTAINABILITY 

Surface parking consumes open 
land, reduces the quality of water 
in streams and lakes, and degrades 
the environment. Consider the 
following guidelines for minimiz- 
ing these detrimental effects and 
designing greener, more sustain- 
able surface parking. 

Reduce the Number of 
Parking Stalls: Reducing the num- 
ber of parking stalls reduces the 
area consumed by parking. Where 
land-use regulations set require- 
ments for parking capacity, design 
to the minimum permitted. Where 
capacity is established through 
analysis of demand, design to pro- 
jected average demand rather than 



peak demand or work with neigh- 
boring facilities to share parking w 
where peak use times differ (e.g., S 
day and evening uses or weekday d 
and weekend uses). g 

Reduce the Impervious Area: u 

Reducing the impervious (paved) h 
area reduces the volume and inten- § 
sity of stormwater runoff, helping ^ 
to protect natural water features, g 
Design narrower parking stalls and § 
less generous aisles and lanes; in ^ 
other words, consider a lower level a 
of service for the facility. Lay out o 
stalls and circulation for maximum 
efficiency. Use pervious paving 341 
materials (ones that permit surface 
stormwater to pass through the 
paving to the ground beneath) for 
overflow parking areas. Consider 
structured parking as an alterna- 
tive to surface parking. 

Increase Planting: Plants and 
trees reduce stormwater runoff. 

They hold water in their leaves and 
on their branches and stems. Plant 
roots increase the permeability 




SURFACE PARKING DESIGN 



of soil and its capacity to absorb 
water. Plantings, especially canopy 
trees, reduce heat island effects. 
Planted areas also create wildlife 
habitat and a more aesthetically 
interesting environment. 

Provide Natural Stormwater 
Retention: Stormwater directed 
into shallow landscaped swales 
can infiltrate back into the soil or 
be discharged from the site at a 
more controlled rate. Such biore- 
tention areas also aid the removal 
of pollutants in stormwater runoff 
and can reduce the need for more 
expensive, traditional stormwater 
management facilities. 

Minimize the Extent of Heat- 
Absorbing Surfaces: Reducing the 
area of heat-absorbing paving low- 
ers the air and surface tempera- 
tures of a parking facility, thereby 
improving user comfort, reducing 
health risks, lowering the tempera- 
ture of stormwater leaving the site, 
and even lessening the energy 
consumption of nearby buildings. 
By using shading, lighter-colored 
or pervious paving, and covered 




BIORETENTION SWALE 



parking to reduce the absorptive 
area by 50% or more, significant 
improvements in heat island effects 
can be achieved. 

Avoid Development of Ecologi- 
cally Valuable Land: Do not devel- 
op parking on prime farmland, in 
floodplains, on land providing hab- 
itat for endangered species, close 
to wetlands or productive bodies of 
water, or on land previously used 
as public parkland. 
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STRUCTURED PARKING DESIGN 



STRUCTURED PARKING 
CIRCULATION 

This chapter provides design 
guidelines for four configurations 
of vertical circulation in structured 
parking: single-threaded helix, 
double-threaded helix, split level, 
and multi-bay. These configura- 
tions are suitable for the prelimi- 
nary design of efficient parking 
solutions meeting a broad range of 
requirements for facilities varying 
in size, use characteristics, and site 
constraints. 

Single-Threaded Helix 

The single-threaded helix consists 
of a single continuously spiraling 
ramp, a configuration that is intui- 
tively easy for users to navigate 
even when they are unfamiliar with 
the facility. An important character- 
istic of the single-threaded helix is 
that, being a single spiral, it can- 
not form a complete loop. Users 
leaving the facility must traverse 
in the opposite direction the same 
path used to arrive at their parking 
stall. Consequently, in their sim- 
plest form, single-threaded helix 
structures must be designed for 
two-way traffic flow. For the sizing 
of single-threaded helix structures, 
see pages 354-355. 

Double-Threaded Helix 

In a double-threaded helix configu- 
ration, two spiral ramps are inter- 
twined so that a continuous loop 
is formed. Users traveling through 
such a facility can return to their 
original point of entry without 
ever retracing their path. A dou- 
ble-threaded helix structure can 
therefore be designed for one-way 
traffic flow, a configuration that 
minimizes congestion and conflicts 
between vehicles. This advantage 
is particularly important in facili- 
ties accessed by large numbers of 
users in relatively short time frames. 



where high peak vehicle flows cre- 
ate the greatest potential for traffic 
conflicts. In addition, users search- 
ing an entire facility for an avail- 
able stall will have to pass each stall 
only once, since at the end of their 
search they will arrive back at the 
facility’s entry. This is not the case 
in a single-threaded helix, where 
once users have searched all of the 
stalls, they arrive at the end of the 
spiral and must then retrace their 
path past the same stalls a sec- 
ond time in order to return to the 
place where they started. Double- 
threaded helix structures also allow 
for crossover aisles between adja- 
cent ramps, providing shortcuts to 
facility exits. However, the double- 
helix structure is also a less intui- 
tive configuration and one that may 
be confusing to infrequent users. 
For the sizing of double-threaded 
helix parking structures, see pages 
356-357. 




SINGLE-THREADED HELIX 
CIRCULATION 




Split Level 

In a split level parking structure, 
level parking tiers are connect- 
ed by speed ramps at either end. 
Adjacent tiers are staggered in a 
manner that creates a vehicle cir- 
culation pattern similar to that of a 
single helix; that is, a closed loop 
is not possible, and two-way traf- 
fic flow is required. In a split level 
structure, parking areas themselves 
are level, a benefit for user com- 
fort and a feature that is particu- 
larly advantageous on constrained 
sites where bay lengths are short. 
As the length of the parking bay 
decreases in a single- or double- 
helix structure, ramps become 
more steeply sloped and increas- 
ingly uncomfortable for users. 
This is not the case for the split 
level structure, where parking tiers 
remain level regardless of length. 
Split level structures also conserve 
height (or depth in the case of 
below-grade structures) in com- 
parison to ramped helix structures. 



DOUBLE-THREADED HELIX 
CIRCULATION 




SPLIT LEVEL CIRCULATION 

~ 

For example, a three-bay split level 
structure rises only as much as 
required for two ramps, since the 
first level is entirely at grade. In 
comparison, a three-bay single- 
threaded helix of similar extent and 
capacity must rise the combined 
height of three ramps. For the siz- 
ing of split level parking structures, 
see pages 358-359. 
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Multi-Bay 

Multi-bay facilities consist of rel- 
atively large-area parking tiers 
without slope connected by inter- 
nal ramped parking or external 
express ramps. Facilities of this type 
offer advantages of high capacity, 
high user comfort, and the capa- 
bility to manage high peak flows. 
For the sizing of multi-bay parking 
structures, see pages 360-361. 




MULTI-BAY CIRCULATION 



Other Configurations 

Variations on the circulation sys- 
tems described above are also pos- 
sible, though beyond the scope of 
this book to treat in detail. However, 
the overall capacity of such struc- 



tures will not deviate significantly 
from the capacities derived from 
the charts in this text when consid- 
ered on a proportional basis. In 
other words, for the purposes of 
preliminary design, an efficient- 
ly designed facility twice as wide 
as one designed using the charts 
in this book may be assumed to 
accommodate approximately twice 
as many vehicles, and so on. Where 
more detailed information on such 
configurations is needed, consult 
the references listed in this book’s 
bibliography. 



STRUCTURED PARKING 
FACILITY DESIGN 

The parking facility sizing informa- 
tion provided on pages 351 and 
354-361 can be used to quickly 
determine the length, width, and 
height of a structure sufficient to 
provide parking for a specified 
number of vehicles. The dimen- 
sions provided by the charts 
account only for the parking sys- 
tem itself, that is, the ramps and 



aisles that vehicles use to circulate 
within the facility and the stalls 
in which they park. As explained 
in the text accompanying the 
charts, in some cases allowance 
is also made for the placement 
of structural columns or bearing 
walls. However, these charts do not 
account for other features such as 
stair towers, elevator shafts and 
lobbies, spaces for mechanical and 
electrical systems, and other pos- 
sibly necessary items. In order to 
complete the preliminary design 
of a structured parking facility, the 
following requirements should also 
be considered, and the necessary 
spaces and elements incorporated 
into the design as appropriate to 
your project’s requirements. 

Building Code 
Requirements 

The maximum allowable height 
and area that are permitted for 
structured parking garages vary 
in each building code, depending 
on Construction Type, Occupancy 
classification, types of vehicles 



GIVE SPECIAL CONSIDERATION TO THE 
SYSTEMS INDICATED IF YOUR STRUCTURED 
PARKING FACILITY: 


Single-Threaded Helix 
(Pages 354-355) 


Double-Threaded Helix 
(Pages 356-352) 


Split Level 
(Pages 358-359) 


Multi-bay 
(Pages 360-361) 


Is planned primarily for infrequent visitors unfamiliar with 
the facility 


• 




• 


• 


Will be used primarily by regular users familiar with the 
facility 




• 




• 


Is being constructed on a small, highly constrained site 






• 




Will have high peak volume use 




• 




• 


Is intended for large-capacity, high-volume parking 








• 
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stored, whether the garage is open 
or enclosed, and other variables. 
For height and area limits for park- 
ing garages constructed under 
the International Building Code, 
see pages 436-439; for garages 
constructed under the National 
Building Code of Canada, see 
pages 468-47 1 . If you do not know 
what building code applies to your 
project, see page 5. 

Exterior Walls 

The parking facility sizing charts 
provide the length and width of the 
facility measured to the inside of 
the exterior walls of the structure. 
To arrive at overall dimensions, the 
thickness of exterior walls must be 
added to these figures. For prelimi- 
nary design purposes, thicknesses 
ranging from 6 to 12 in. (150 to 300 
mm) may be assumed. Or, once you 
have selected a structural system 
for your facility, information on spe- 
cific wall systems can be found on 
the following pages: 

■ Wood stud walls: pages 58-59 

■ Brick masonry walls: pages 82-83 

■ Concrete masonry walls: pages 
88-89 

■ Steel stud walls: pages 92-93 

■ Sitecast concrete walls: pages 
110-111 

■ Precast concrete wall panels: 
pages 128-129 

Ventilation 

Open parking structures must meet 
building code requirements for the 
extent of openings in exterior walls 
to ensure effective natural ventila- 
tion of the facility. If you do not 
already know which model build- 
ing code applies to your project, 
see page 5. 

In the International Building 
Code, each tier of an open park- 
ing structure must have exterior 
wall openings on at least two sides. 
These openings must be uniformly 
distributed, and their combined 



area may not be less than 20% of 
that tier’s total wall area (as viewed 
from the interior). In addition, 
where exterior openings are not 
located on opposite sides of the 
structure, their aggregate length 
may not be less than 40% of the 
total length of the perimeter of the 
tier. Interior walls must also contain 
uniformly distributed openings 
constituting not less than 20% of 
each wall’s area. A minimum sepa- 
ration is required from any exterior 
face of the garage with openings, 
measured from the exterior face 
to the center of a public street or 
boundary of an adjacent private 
property. This distance varies from 
5 to 30 ft (1.5 to 9.1 m), depending 
on the extent of wall openings and 
whether the building is sprinklered. 
For preliminary design of garages 
with minimum wall opening area, 
assume a minimum distance of 5 ft 
(1.5 m) for sprinklered buildings 
and 15 ft (4.6 m) for unsprinklered 
buildings. The parking of trucks, 
buses, or other large vehicles, the 
dispensing of fuel, and the repair of 
vehicles are all prohibited in open 
parking garages under this code. 

The National Building Code of 
Canada requires each tier of an 
open parking garage to have exte- 
rior wall openings with an area 
totaling not less than 25% of that 
tier’s total wall area (as viewed 
from the interior). These openings 
must be arranged to ensure cross 
ventilation for the entire tier. A 
minimum distance of 3 m (9.8 ft) is 
required from any exterior build- 
ing face with openings to the cen- 
ter of a public street or boundary of 
an adjacent private property. 

Enclosed garages, which 
rely on mechanical ventilation 
to remove hazardous gasses and 
vapors, must include spaces for air 
handling equipment and ductwork. 
Air intakes for the ventilation sys- 
tem must be located safely away 
from sources of potentially contam- 
inated air (above the uppermost 



tier or roof level, for example), and 
exhausts must not discharge toward 
exterior occupied areas or walk- 
ways. In order to minimize ceil- 
ing height conflicts, main supply 
ducts should be routed vertically 
through the structure and located 
such that the size and extent of hor- 
izontal branch ducts can be mini- 
mized. Required ventilation rates 
for enclosed parking garages are 
relatively high compared to those 
of conventionally occupied build- 
ings to ensure adequate air han- 
dling capacity and the prevention 
of toxic gas accumulations. In order 
to reduce the high costs of continu- 
ously moving large quantities of 
air, many facilities rely on a system 
of carbon monoxide detectors to 
control ventilation rates, running 
the system at its highest capacity 
only when dangerous gas concen- 
trations rise above specified levels. 
Cashier booths, offices, and other 
continuously occupied employee 
or public-use spaces within the 
facility should have their own dedi- 

Vi 

cated supplies of conditioned air. w 
For more information, see pages g 
185-186 for the design of fan rooms o 
and pages 2 1 2-2 1 3 for the sizing of h 
air handling system components. § 
When using the chart on page 213, S 
read to the far right in the bands " 
labeled for various building types. y 

M 

Pedestrian Circulation § 

u 

Pedestrian circulation within a sin- C 

g 

gle tier or floor normally occurs o 
along the same aisles used by ^ 
vehicles to access stalls. However, 
where the potential for hazardous 
conflicts between vehicles and 
pedestrians may occur, dedicated 
walkways or other safety measures 
should be provided. Examples of 
such areas include the top and 
bottom of ramps (especially steep 
ones), points where pedestrian 
or driver vision is limited, facility 
entrances and exits, places where 
automatic gates control vehicle 
movement, and so on. 
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To aid in wayfinding and maxi- 
mize personal safety, pedestrian 
pathways should to the greatest 
extent possible provide a direct 
line of sight from car stalls to a lev- 
el’s primary entrance/exit, stair- 
way, or elevator. For the same rea- 
son, exit stairs, elevator lobbies, 
and other components of the circu- 
lation system should be designed 
to be as open and transparent as 
possible. For user comfort, pedes- 
trian routes within a facility should 
not exceed 350 to 700 ft (100 to 200 
m) in total length, although they 
may be as long as 1200 ft (370 m) 
in facilities designed to low level 
of service standards. Exits must 
also comply with building code 
egress requirements. Information 
on the minimum number of exits, 
remoteness of exits, maximum 
travel distance, and other such cri- 
teria can be found beginning on 
page 272. 



Facilities with more than two 
levels should provide elevators 
for vertical circulation. Elevators 
should be located prominently 
and as close as possible to the 
building or facility being served 
by the parking. Parking serving 
retail and office facilities should 
provide one elevator for approxi- 
mately every 250 to 450 stalls. 
Parking serving special-use facili- 
ties with high peak demand will 
require a greater number of eleva- 
tors, and large-area parking serv- 
ing facilities such as airports or 
hospitals will require fewer. When 
elevators are provided, at least 
one exit stairway should be locat- 
ed nearby to provide alternative 
vertical circulation when elevators 
are out of service or wait times are 
excessive. For more information 
on the configuration and sizing 
of elevator systems, see pages 
201-203. 



OTHER REQUIREMENTS 

Other elements that should be con- 
sidered in the design of a struc- 
tured parking facility include: 

■ Structural systems: pages 347- 
348 

■ Accessible parking: pages 334- 
335 

■ Sprinkler systems: pages 189, 
206 

■ Electrical closet: page 193 

■ Trash room for trash chute serv- 
ing facilities above: page 188 

■ Staff offices or workrooms: page 
189 

■ Transformer vault and switch 
gear vault for primary electrical 
power service for adjacent facili- 
ties: page 182 

■ Storage rooms 

■ Bicycle parking 
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COLUMN LOCATIONS 
AND STRUCTURAL SPAN 

Wherever possible, structural sys- 
tems should be selected that can 
span the full width of one parking 
module, that is, the combined width 
of one drive aisle and the stalls 
on either side. For typical park- 
ing layouts, this dimension varies 
from 50 to 65 ft (15 to 20 m). In 
this arrangement, columns do not 
intrude between stalls, stall widths 
are not compromised, and the 
greatest flexibility in current and 
future stall layouts is preserved. 

Where shorter-span systems 
are used, columns must be locat- 
ed between parking stalls. In this 
arrangement, column spacing must 
be coordinated with stall spacing, 
and stalls adjacent to columns must 
be widened to provide clearance 
for vehicle movement and to allow 
space for opening doors. The result 
is less flexibility in the layout of 
parking stalls and a reduction in 
the total number of stalls. However, 
where such configurations are 
used, span requirements for the 
structural system may be as low as 
15 to 25 ft (5 to 8 m). 



MIXED-USE BUILDINGS 

In buildings where parking occurs 
above or below other uses, an 
important consideration is the 
coordination of structural elements 
between the different building 
parts. The building’s primary verti- 
cal and lateral load-resisting sys- 
tems must almost always be con- 
tinuous from their highest point 
to the building’s foundation. Other 
lines of load bearing must usually 
be vertically continuous to founda- 
tions as well, although in some cir- 
cumstances and at significant cost, 
transfer structures may be used to 
shift the locations of such elements 
between different levels of a struc- 
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Columns do not interfere 
with stall layouts. 




Wide-span structural system- 



WIDE-SPAN STRUCTURE COLUMN LOCATIONS 




ture. Regardless of the approach 
taken, careful planning is required 
to develop structural configura- 
tions that are compatible with the 
requirements of the different parts 
of the building. In many cases, con- 
straints on the placement of struc- 
tural elements within the parking 
portion of the building may be the 
most restrictive. In such cases, the 
design of this portion of the build- 
ing may have a strong influence 
on the entire structure, even to the 



point of dictating the column grid 
of the whole building. Due to the 
significant design and cost impli- 
cations, the designer should thor- 
oughly investigate the structural 
configuration of such mixed-use 
buildings at the earliest possible 
time. For more information on the 
configuration of structural systems, 
see pages 39-53, and for more 
information on the planning of ser- 
vice cores in buildings, see pages 
190-192. 
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SELECTION OF 
STRUCTURAL SYSTEMS 

Structural systems for structured 
parking facilities should be capa- 
ble of spanning the required dis- 
tances for optimum column place- 
ment within the facility and, in the 
case of open parking structures, 
should be resistant to the effects of 
precipitation, road salt, and other 
exterior conditions. The most com- 
monly used systems are precast 
concrete, sitecast concrete, and 
structural steel. 

Precast Concrete 

Precast concrete is especially eco- 
nomical when used in repetitive 
configurations, such as those that 
are common in parking garage 
construction; it is resistant to the 
effects of exterior exposure, and 
it does not require added finishes 
to attain an acceptable appear- 
ance or to be protected from fire. 
The most common precast con- 
crete spanning system used in 
structured parking facilities is the 
double tee. Although single tees 
are also capable of spanning the 
required distances, they are less 
economical and infrequently used. 
Where span requirements are 
more modest, hollow core planks 
may also be used. Guidelines for 



the design of precast concrete 
structures can be found on pages 
125-135. 

Sitecast Concrete 

Like precast concrete, sitecast 
concrete does not require added 
finishes to attain an acceptable 
appearance or for protection from 
fire. Where sitecast concrete will 
be exposed to the weather, sys- 
tems with very thin slab sections, 
such as one-way joist or waffle 
slab, should be avoided due to 
their vulnerability to corrosion of 
reinforcing. A post and beam sys- 
tem with posttensioned one-way 
or two-way slabs may be a more 
suitable option in these conditions. 
Posttensioning, in which reinforc- 
ing is prestressed after it has been 
cast, has several advantages for the 
construction of sitecast concrete 
parking structures: It increases 
spans while minimizing structural 
depth, and for structures exposed 
to the weather, it improves the con- 
crete’s resistance to salts and cor- 
rosion. Guidelines for the design 
of sitecast concrete systems can be 
found on pages 107-123. 

Structural Steel 

Structural steel is also used for the 
construction of structured parking 
facilities. Where it is exposed to the 



weather, it must be protected by 
high-performance paint-like coat- 
ings, galvanizing, or other protec- 
tive coverings to prevent corrosion. 
Where required, protection from 
fire is most economically provided 
with spray-on insulating materials. 
In open parking structures, materi- 
als applied for protection from fire, 
unless naturally weather-resistant, 
must themselves also be coated or 
covered to be protected from the 
weather. Steel structural systems 
for structured parking facilities 
take the form of a steel post and 
beam with either concrete-topped 
steel floor decking or precast con- 
crete solid or hollow core slabs. 
Guidelines for the design of steel 
structural systems can be found on 
pages 91-106. 



BUILDING CODE HEIGHT 
AND AREA LIMITS 

Choice of a structural system for a 
structured parking facility is also 
limited by building code require- 
ments. For parking facilities con- 
structed to the requirements of the 
International Building Code, see 
pages 436-439, and for the National 
Building Code of Canada, pages 
468-471. If you do not know what 
building code applies to your proj- 
ect, see page 5. 
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SIZING 

PARKING 

FACILITIES 



This chapter will allow you to quickly 
determine the dimensions of a surface or 
structured parking facility to accommodate 
any required number of parking stalls. 



General Sizing Criteria 351 
Sizing Surface Parking 352 
Sizing Single-Threaded Helix Parking Structures 354 
Sizing Double-Threaded Helix Parking Structures 356 
Sizing Split Level Parking Structures 358 
Sizing Multi-Bay Parking Structures 360 
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GENERAL SIZING CRITERIA 



The parking facility sizing charts 
on the following pages allow rapid 
determination of the overall dimen- 
sions of a parking configuration 
and the number of stalls accom- 
modated. On this page, additional 
sizing information is provided for 
other aspects of the facility. 

Access Lanes: For lanes with- 
out parking, a single lane should be 
10 ft to 11 ft 6 in. (3000 to 3500 mm) 
wide, with an additional clearance 
to walls or other obstructions of 
not less than 6 in. to 2 ft (150 to 610 
mm) on either side. A double lane 
should be 18 ft to 21 ft (5500 to 6400 
mm) wide (for both drive lanes) 
plus the same side clearances as 
for a single lane. The outside radius 
of a turning lane should be 24 ft to 
42 ft (7.3 to 12.8 m). Turning lanes 
are generally several feet wider 
than straight lanes. 

Vertical Clearance with- 
in Structured Facilities: The 

International Building Code requires 
a minimum vertical clearance in 
parking structures of 7 ft 0 in. (2130 
mm). The National Building Code of 
Canada requires a minimum of 2000 
mm (6 ft 7 in.). Clearances of 7 ft 4 
in. (2240 mm) or more improve user 
comfort, and this dimension may be 
increased to as much as 9 ft to 9 ft 8 
in. (2740 to 2950 mm) in large facili- 
ties or those designed to high level 
of service conditions. Where acces- 
sible van parking spaces are pro- 
vided, larger minimum clearances 
are required. See pages 334-335 for 
more information. 

Prior to selection of a specific 
structural system, overall depth of 



the floor structure may be esti- 
mated at 2 ft 6 in. to 3 ft (750 to 900 
mm), assuming wide-span struc- 
tural systems. For more informa- 
tion on choosing structural systems 
for structured parking, see pages 
347-348. 

Ramps: Ramped parking areas 
(see Single-Threaded Helix, pages 
354-355, or Double-Threaded 
Helix, pages 356-357) should 
not exceed slopes of 5% (1:20) 
wherever possible. More steep- 
ly sloped parking areas are less 
comfortable for users, make car 
entry and exit more difficult, and 
must be treated as ramps where 
accessible routes are required. 
Where an accessible route is not 
required, parking ramps sloped 
up to approximately 7% (1:14) 
may be considered for facilities 
designed to lower level of service 
standards. In high level of service 
facilities, ramped parking areas 
should be minimized or eliminat- 
ed to the greatest extent possible. 
See pages 281-283 for informa- 
tion on accessible routes in the 
International Building Code or 
pages 285-286 for information on 
barrier-free routes in the National 
Building Code of Canada. 

Speed ramps (see Split Level, 
pages 358-359) should normally 
not exceed slopes of 12.5% (1:8). 
Steeper slopes may be acceptable 
in locales where drivers are accus- 
tomed to steep drives. Express 
ramps (see Multi-Bay Parking, 
pages 360-361) should not exceed 
slopes ranging from 8% to 16% 
(1:12 to 1:6). 



Number of Tiers: The number 
of complete 360-degree revolutions 
required to reach the farthest stalls 
in a facility should normally not 
exceed six to seven. For facilities 
designed to a high level of service, 
fewer revolutions should be used. 

Stall Sizes: The parking facility 
sizing charts in this text are based 
on the assumption of uniform stall 
sizes throughout the facility. This 
approach is consistent with contem- 
porary parking design guidelines 
that recommend against routinely 
providing a percentage of stalls 
sized for small cars only. This change 
from earlier practice reflects trends 
in the North American passenger 
vehicle population toward a larger 
percentage of wider vehicles and 
the lessening of the size difference 
between small and medium-sized 
cars. The effect of these trends has 
been to reduce the need for com- 
pact stalls and to blur the definition 
of what vehicles they are intended 
for, to the degree that their use has 
become increasingly problematic. 

For the preliminary layout of indi- 
vidual standard stalls, a size of 8 ft 
6 in. X 18 ft (2590 X 5490 mm) may „ 

be used. B 

b* 

Where the use of compact stalls 3 
is considered, they should be lim- O 
ited to not more than 10% to 15% 

O 

of the total spaces in a facility. They g 
may also be used in particular § 
locations within a facility where a g 
standard-sized stall will not fit due 2 
to physical constraints. For prelimi- g 
nary design purposes, a compact “ 
stall size of 7 ft 6 in. X 15 ft (2290 X 
4570 mm) may be used. 351 
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The rear aisle is 
configured for two- 
way flow and 90- 
\degree stall: 






Aisles may be 
configured with 
angled parking and 
one-way traffic flow, 
.as shown, or with 90- 
degree stalls and 
two-way traffic (not 
shown). \ 

\ \ \ X \ \ 



PARKING BAY WIDTH 

On the charts on the facing page, 

Bay width is the width of one typi- 
cal double-loaded parking aisle. 

Bay widths differ for each level of 
service, and are indicated on the 
chart for Level of Service A and D 
conditions. Within any band, widths 
for intermediate levels of service 
may be interpolated by adding or 
subtracting approximately 1 ft (300 
mm) for each single step in level. 

When configured with angled 
stalls, parking bays located at 
either end of the parking area will g 
be 1 to 3 ft (300 to 900 mm) wider 
than the inner bays. To determine 
the overall width of the parking 
area, multiply the width of one bay 
by the number of bays and then 
add 2 to 6 ft (600 to 1800 mm) for 
the wider bays at either end. When 
configured for 90-degree parking, 
no special allowance for end bays 
is required, and parking area width 
is determined simply by the width 
of one parking bay multiplied by 
the number of bays. 



EXAMPLE USE OF CHARTS 

At least 500 stalls of surface parking 
are required as part of a suburban 
shopping center. The mall building 
is set back 450 ft from the main pub- 
lic roadway. Assuming high-turn- 
over parking and users frequently 
accompanied by children or carry- 
ing bulky packages. Level of Service 
A conditions are proposed. 

To provide the most convenient 
access to the mall building, park- 
ing aisles will be oriented perpen- 
dicular to the mall itself, as shown 
on the diagram on this page. To 
determine the space available for 
parking, 25 ft is subtracted from 
the building setback to account 
for landscape buffering, pedestri- 
an walkways, and miscellaneous 
site features, and an additional 25 



ft is subtracted to provide for the 
access lane running parallel to the 
mall entrance. The remaining avail- 
able distance is 400 ft. 

The first option considered 
is 75-degree angle parking with 
one-way traffic aisles. Reading 
from the upper chart on the facing 
page, we determine that a park- 
ing bay 400 ft long with Level of 
Service A conditions can accom- 
modate 74 stalls in a bay 56 ft 
4 in. wide. To accommodate the 
required number of stalls, seven 
bays are needed, providing 518 
stalls (7 bays X 74 stalls per bay). 
To determine the overall width of 
the parking area, the width of one 
bay is multiplied by the number 
of bays, and an additional allow- 
ance of 3 ft is added to each side 
to account for wider end bays, as 
noted above. The result is 400 ft 3 
in. (7 bays X 56 ft 4 in. per bay + 2 
X 3 ft end bay allowance). 



As a possible alternative, park- 
ing with 90-degree stalls and two- 
way traffic aisles is also considered. 
Reading from the lower chart on 
the facing page, we determine that 
a parking bay 400 ft long with Level 
of Service A conditions can accom- 
modate 72 stalls in a bay 61 ft 6 in. 
wide. Again, seven bays of parking 
are required, providing 504 stalls 
total. In this case, since end bays 
do not need to be widened, the 
overall width of the parking area is 
the width of one bay multiplied by 
the number of bays, or 430 ft 6 in. 
(7 X 61 ft 6 in.). 

We conclude that either option 
is a viable configuration. If mini- 
mizing the land area occupied by 
parking is the higher priority, the 
angled parking solution may be 
used. Or, if providing the great- 
est flexibility in vehicle circulation 
is desired, the 90-degree parking 
solution may be chosen. 




Number of stalls per parking bay Number of stalls per parking bay 
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Length of parking bay 




Use the two charts on this page to 
determine the length and width of 
a multi-bay surface parking facility 
as illustrated on the facing page. 

Length of parking bay is the length 
of one parking aisle and the adja- 
cent perimeter aisle and stalls. 

Number of stalls per parking bay 
is the number of stalls within one 
bay (see the shaded area in the 
diagram) . 

The top chart is for parking 
aisles configured primarily with 
one-way aisles and angled stalls. 

■ Read in one of the three indicat- 
ed bands for parking configured 
within the one-way aisles as either 
75-, 60-, or 45-degree angled stalls. 

Within each band, read along the 
bottom for Level of Service A con- 
ditions (most generously dimen- 
sioned) or along the top for Level 
of Service D (most constrained). 
Intermediate Levels of Service B 
and C are also represented by the 
thin white lines within each band. 

See page 333 for more information 
on selecting the appropriate level 
of service for your facility. 

■ To determine the width of one 
parking bay, as well as the overall 
width of the parking facility, see the 
instructions for Parking Bay Width 
on the facing page. 

The bottom chart is for aisles 
configured throughout for two-way 
traffic flow with 90-degree stalls. 

■ Read along the bottom of the 
indicated band for Level of Service 
A conditions (most generously 
dimensioned) or along the top for ggg 

Level of Service D conditions (most 

constrained). Intermediate Levels 

of Service B and C are also repre- 
sented by the white lines within 
each band. 
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SIZING SINGLE-THREADED HELIX PARKING STRUCTURES 




LOCATION OF COLUMNS 
AND BEARING WALLS 

The dimensions read from the 
chart on the facing page (as well 
as those on pages 357 and 359) 
include allowances for columns 
and bearing walls located along 
three lines of bearing, as indicated 
in the adjacent diagram. Columns 
located along the perimeter may 
intrude up to 2 ft (0.6 m) into the 
ends of parking stalls or into the 
turning lanes at the ends of the 
ramps. A 2-ft (0.6-m) allowance 
is also provided for columns or a 
wall located along the bearing line 
between the ramps on either side. 
In this configuration, a floor sys- 
tem capable of spanning one-half 
of the total width of the structure 
is required. Shorter-span systems 
should be avoided, since when 
columns fall between stalls, stalls 
must be widened and the number 
of stalls per bay must be reduced. 
See pages 347-348 for more infor- 
mation on selecting structural sys- 
tems for parking structures. 



EXAMPLE USE OF CHART 

At least 500 stalls of structured 
parking are required for a small 
urban shopping complex. The site 
available for the parking structure 
is 420 ft long. Assuming mostly 
short-term parking and users unfa- 
miliar with the facility, a single- 
threaded helix configuration is 



proposed, with two-way traffic, 
90-degree parking stalls, and Level 
of Service B conditions. 

To determine the maximum 
possible length of the parking bays 
within the structure, 5 ‘/a ft is sub- 
tracted from each end of the site to 
allow for site features and the thick- 
ness of exterior walls, resulting in 
a length of 410 ft. Referring to the 
chart on the facing page, we see 
that one such parking bay, sized for 
Level of Service B conditions, can 
accommodate 85 stalls. Six bays of 
parking will be required, providing 
510 stalls total (six bays X 85 stalls 
per bay). Interpolating between the 
bay widths indicated for Levels of 
Service A and D, we determine that 
the width of the structure, excluding 
exterior walls, will be 123 ft. 

To determine the height of the 
structure, we refer to the lower dia- 
gram on the facing page and note 
that each sloped bay of a single- 
threaded helix structure rises one- 
half of the structure’s floor-to-floor 



height. Allowing 1 1 ft floor-to-floor, 
each bay will rise 5'A ft, and six bays 
of parking will have a total height of 
33 ft (6 X 5.5 ft = 33 ft). Assuming 
that open-air parking is acceptable 
on the uppermost levels, no addi- 
tional roof structure is proposed, 
and the height of the structure from 
its entrance to its highest parking 
level, excluding parapets, will be 33 
ft. (For more information on floor-to- 
floor heights in structured parking, 
see page 351.) 

In order not to compromise 
stall widths, structural systems 
considered for this building should 
be capable of spanning one-half 
of the building’s overall width, or 
approximately 60 to 65 ft. Now that 
the configuration of the parking 
system itself has been completed, 
the next steps in this design pro- 
cess will be the consideration of 
pedestrian circulation, building 
systems, and other elements. See 
pages 344-346 for more informa- 
tion on these subjects. 
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SIZING SINGLE-THREADED HELIX PARKING STRUCTURES 




46 m 91m 137 m 183 m 

Length of parking bay 




Use this chart to determine the 
length and width of a parking 
structure configured as a single- 
threaded helix ramp, with two-way 
traffic and 90-degree stalls. Length 
of parking bay is the dimension of 
the structure parallel to the ramps, 
excluding the thickness of exterior 
walls. Number of stalls per parking 
bay is the number of stalls within 
one parking bay (see the shaded 
area in the diagram below). 

■ Read along the bottom of the 
indicated band for Level of Service 
A conditions (most generously 
dimensioned) or along the top 
for Level of Service D (most con- 
strained). Intermediate Levels of 
Service B and C are also repre- 
sented by the white lines within 
each band. See page 333 for more 
information on selecting the appro- 
priate Level of Service condition 
for your facility. 

■ Total width, which differs with 
each level of service condition, is 
the dimension of the structure per- 
pendicular to the ramps, exclud- 
ing the thickness of exterior walls. 

Total width is indicated on the chart 
for Level of Service A and D condi- 
tions. Within any band, widths for 
intermediate levels of service may 
be interpolated by adding or sub- 
tracting approximately 2 ft (0.6 m) 
for each single step in level. 

■ To avoid parking ramps with 
uncomfortably steep slopes, read 
to the right of the vertical bar indi- 
cated for ramp slopes less than 5% 
( 1 : 20 ). 

occ 

■ Guidelines for incorporating 
pedestrian circulation, building 
systems, and other elements nec- 
essary to complete the design of a 
structured parking facility are pro- 
vided on pages 344-346. 
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SIZING DOUBLE-THREADED HELIX PARKING STRUCTURES 



LOCATION OF COLUMNS 
AND BEARING WALLS 

The chart on the facing page 
includes allowances for columns 
and bearing walls for a structural 
system spanning one-half of the 
total width of the structure. This 
structural configuration is dis- 
cussed in more detail on page 347. 




TOTAL WIDTH OF 
STRUCTURE 

To determine the width of the struc- 
ture, read Total width on the chart, 
which differs with each level of ser- 
vice condition. This dimension is 
the width of the structure perpen- 
dicular to the ramps, excluding the 
thickness of exterior walls. Figures 
are provided for Level of Service A 
and D conditions. Within any band, 
widths for intermediate levels of 
service may be interpolated by 
adding or subtracting 2 ft (0.6 m) 
for each single step in level. 



CROSSOVER AISLES 

Figures provided on the chart on 
the facing page allow for cross- 
over aisles at every other pair of 
ramps, as illustrated in the lower 
diagram. If crossovers are provided 
at every crossing, stall totals will be 
reduced. 



RAMP SLOPES 

To avoid parking ramps with 
uncomfortably steep slopes, read 
350 only to the right of the vertical bar, 
as indicated for ramp slopes less 
than 5% (1:20). 



EXAMPLE USE OF CHART 

At least 255 stalls of structured 
parking are required as part of 
an urban office building complex. 
The site available for the parking 
structure is 265 ft long. Assuming 
mostly all-day parking and users 
who are familiar with the facility, a 



double-threaded helix configura- 
tion is proposed, with one-way traf- 
fic, 75-degree parking stalls, and 
Level of Service C conditions. 

To determine the maximum 
possible length of the parking bays 
within the structure, 2 ft 6 in. is sub- 
tracted from each end of the site to 
allow for site features and the thick- 
ness of exterior walls, resulting in a 
length of 260 ft. Referring to the chart 
on the facing page, we see that one 
such parking bay with 75-degree 
angled parking and sized for Level 
of Service C conditions can provide 
53 stalls. To provide the required 255 
stalls, slightly more than five bays of 
parking are required. Referring to 
the diagram below the chart, we 
note that a double-helix structure 
must always be configured with an 
even number of parking bays (pairs 
of half-bays at the top and bottom, 
and pairs of full bays in between). 
In the proposed configuration, a 
four-bay structure can provide 220 
stalls (four bays X 55 stalls per 
bay), an insufficient number, and a 
six-bay structure can provide 330 
stalls (six bays X 55 stalls per bay), 
a number significantly in excess of 
that required. One option to arrive 
closer to the required number of 
stalls would be to reduce the struc- 
ture’s length. However, studying the 
chart, we note that parking bays 
less than approximately 250 ft in 
length will have ramps with slopes 
greater than 5% (1:20), an impor- 
tant threshold for user comfort and 
accessible routes. So, we reject this 
option, ilnother option is to adjust 
the angle of parking stalls to 60 
degrees. Although somewhat less 
space-efficient, 60-degree angled 
stalls are also more comfortable for 



parkers. In this configuration, each 
parking bay can accommodate 45 
stalls, and six bays can provide a 
total of 270 stalls (six bays X 45 
stalls per bay), slightly more than 
the number required. To determine 
the width of the structure, with Level 
of Service C conditions, we interpo- 
late between the figures provided 
for Levels A and D for 60-degree 
angled parking and obtain a width 
of 106 ft. 

To determine the height of the 
structure, we refer to the lower dia- 
gram on the facing page and note 
that each pair of bays of a double- 
threaded helix structure rises the 
same distance as the structure’s 
floor-to-floor height. Allowing 10 ft 
floor-to-floor, each parking bay will 
also rise that same distance, and 
three pairs of parking bays will have 
a total height of 30 ft (3 X 10 ft). 
Assuming that the top bays of park- 
ing should be protected from the 
weather, an additional 10 ft is added 
for the roof level, and the overall 
building height is calculated as 40 
ft from its entrance level to the top 
of the roof. (For more information on 
floor-to-floor heights in structured 
parking, see page 351.) 

In order not to compromise 
stall widths, structural systems con- 
sidered for this building should 
be capable of spanning one-half 
of the building’s overall width, or 
approximately 50 to 55 ft. Now that 
the configuration of the parking 
system itself has been completed, 
the next steps in this design pro- 
cess would be the consideration 
of pedestrian circulation, building 
systems, and other elements. See 
pages 344-346 for more informa- 
tion on these subjects. 





Number of stalls per parking bay 



SIZING DOUBLE-THREADED HELIX PARKING STRUCTURES 




46 m 91m 137 m 183 m 

Length of parking bay 




Use this chart to determine the 
length and width of a parking 
structure configured as a double- 
threaded helix ramp, with one-way 
traffic and angled stalls. Length of 
parking bay is the dimension of 
the structure parallel to the ramps, 
excluding the thickness of exterior 
walls. Number of stalls per parking 
bay is the number of stalls within 
one parking bay (see the shaded 
area in the diagram below). 

■ Read in one of the three indicat- 
ed bands for parking configured 
within the one-way aisles as either 
75-, 60-, or 45-degree angled stalls. 
Within each band, read along the 
bottom for Level of Service A con- 
ditions (most generously dimen- 
sioned) or along the top for Level 
of Service D (most constrained). 
Intermediate Levels of Service B 
and C are also represented by the 
thin white lines within each band. 
See page 333 for more informa- 
tion on selecting the appropriate 
level of service condition for your 
facility. 

■ In determining the number of 
bays required, note that double- 
helix structures must always have 
an even number of parking bays. 

■ See the facing page for instruc- 
tions on determining the overall 
width of the structure and further 
information on crossover aisles and 
ramp slopes. 

■ Guidelines for incorporating 
pedestrian circulation, building 
systems, and other elements nec- 
essary to complete the design of a 
structured parking facility are pro- 
vided on pages 344-346. 



SIZING PARKING FACILITIES 





SIZING SPLIT LEVEL PARKING STRUCTURES 



LOCATION OF COLUMNS 
AND BEARING WALLS 

The chart on the facing page 
includes allowances for columns 
and bearing walls for a structural 
system spanning one-half of the 
total width of the structure. This 
plan configuration is discussed in 
more detail on page 347. 



OVERALL WIDTH OF 
STRUCTURE 

To determine the width of the struc- 
ture, read Total width on the chart, 
which differs with each level of ser- 
vice condition. This dimension is 
the width of the structure perpen- 
dicular to the ramps, excluding the 
thickness of exterior walls. Figures 
are provided for Level of Service A 
and D conditions. Within any band, 
widths for intermediate levels of 
service may be interpolated by 
adding or subtracting 2 ft (0.6 m) 
for each single step in level. 



SPEED RAMPS 

The slope of the speed ramps in 
a split level parking structure var- 
ies with the elevation difference 
between adjacent tiers and, to a 
lesser extent, with aisle dimensions 
derived from the stall angle and 



level of service condition. For pre- 
liminary purposes, elevation differ- 
ences of greater than 5 ft (1.5 m) 
between adjacent tiers should be 
avoided in order to avoid ramps 
with uncomfortably steep slopes 
of more than approximately 12.5% 
(1:8). 



EXAMPLE USE OF CHART 

At least 55 stalls of Level of Service 
D structured parking are required 
beneath a condominium building 
in a dense urban setting. The build- 
ing site is 130 ft long. Ramped 
single- and double-threaded helix 
structures have already been con- 
sidered and rejected for this rela- 
tively small site due to the uncom- 
fortably steep slopes that result 
within the stall areas. 

To determine the maximum 
possible length of the parking bays 
within the structure, 2 ft 6 in. is sub- 
tracted from each end of the site to 
allow for the thickness of founda- 
tion walls and related construc- 
tion, resulting in a length of 125 ft. 
Referring to the chart on the facing 
page, we see that such a parking 
bay can provide 23 stalls with Level 
of Service D conditions. Three bays 
of parking will be required, capa- 
ble of providing up to 69 stalls. In 
this case, 55 stalls will be provided 
and the excess area will be set 



aside for building service spaces. 
From the chart, we can also see that 
with Level of Service D conditions, 
the width of the structure within 
surrounding foundation walls must 
be at least 1 19 ft. 

Referring to the lower diagram 
on the facing page, we see that a 
split level parking structure is simi- 
lar to a single-threaded helix in that 
the elevation change from one tier 
to the next is one-half of the struc- 
ture’s floor-to-floor height. Allowing 
10 ft floor-to-floor, each parking bay 
will descend 5 ft. However, unlike 
the single-threaded helix, in a split 
level structure the first bay of park- 
ing occurs entirely at the entrance 
level. In a three-bay structure, the 
lowest bay is only two tiers below 
the uppermost. Therefore, the low- 
est bay of parking will be only 10 ft 
(2X5 ft) below the entrance. 

In order not to compromise 
stall widths, structural systems 
considered for this building should 
be capable of spanning one-half 
of the building’s overall width, or 
approximately 60 ft. Now that the 
configuration of the parking sys- 
tem itself has been completed, 
the next steps in this design pro- 
cess would be the consideration 
of pedestrian circulation, building 
systems, and other elements. See 
pages 344-346 for more informa- 
tion on these subjects. 
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Number of stalls per parking bay 



SIZING SPLIT LEVEL PARKING STRUCTURES 




46 m 91m 137 m 183 m 

Length of parking bay 




Use this chart to determine the 
length and width of a parking 
structure configured as split level 
parking, with two-way traffic and 
90-degree stalls. Length of parking 
bay is the dimension of the struc- 
ture parallel to the parking aisles, 
excluding the thickness of exterior 
walls. Number of stalls per parking 
bay is the number of stalls within 
one parking bay (see the shaded 
area in the diagram below). 

■ Read along the bottom of the 
indicated band for Level of Service 
A conditions (most generously 
dimensioned) or along the top 
for Level of Service D (most con- 
strained). Intermediate Levels of 
Service B and C are also repre- 
sented by the white lines within 
each band. See page 333 for more 
information on selecting the appro- 
priate level of service condition for 
your facility. 

■ See the facing page for instruc- 
tions on determining the overall 
width of the structure and further 
information on ramp slopes. 

■ Guidelines for incorporating 
pedestrian circulation, building 
systems, and other elements nec- 
essary to complete the design of a 
structured parking facility are pro- 
vided on pages 344-346. 



SIZING PARKING FACILITIES 





SIZING MULTI-BAY PARKING STRUCTURES 




STRUCTURAL SYSTEMS 

A structural system should be 
selected that is capable of span- 
ning the full width of a single park- 
ing bay. Shorter-span systems 
should be avoided, since when col- 
umns fall between stalls, stalls must 
be widened and the number of 
stalls per bay must be reduced. See 
pages 347-348 for more informa- 
tion on selecting structural systems 
for parking structures. 



PARKING BAY WIDTH 
AND WIDTH OF 
STRUCTURE 

On the chart on the facing page. 
Bay width is the width of one typi- 
cal double-loaded parking aisle. 
Bay width differs with each level of 
service condition and is indicated 
on the chart for Level of Service A 
and D conditions. Within any band, 
widths for intermediate levels of 
service may be interpolated by 
adding or subtracting approxi- 
mately 1 ft (0.3 m) for each single 
step in level. Parking bays located 
at either end of the parking area 
will be 1 to 3 ft (0.3 to 0.9 m) wider 
than inner bays. To determine the 
overall width of the parking area, 
multiply the width of one parking 
bay by the number of bays and 
then add 2 to 6 ft (0.6 to 1.8 m) for 
the wider bays at each end. 



^ EXAMPLE USE OF CHART 

At least 950 stalls of parking are 
required for a regional airport 
facility. The building site is 260 ft 
in length in the direction paral- 
lel to the planned parking aisles 
within the facility and 490 ft wide 
in the perpendicular direction. 
Assuming mostly short-term park- 
ing and users unfamiliar with the 
facility. Level of Service A condi- 



tions with 60-degree angled park- 
ing are proposed. 

To establish the maximum pos- 
sible length of the parking bays 
within the structure, 10 ft is sub- 
tracted from each end of the site to 
allow for site features and the thick- 
ness of exterior walls, resulting in 
a length of 240 ft. Referring to the 
chart on the facing page, we deter- 
mine that such a parking bay with 
60-degree angled stalls and Level 
of Service A conditions can provide 
38 stalls in a bay 51 ft 9 in. wide. 

To determine the width avail- 
able for parking bays, we subtract 
from the width of the site 10 ft at 
each end for site conditions and 
exterior wall thickness, 25 ft at one 
end for the express ramp, 15 ft at 
the other end for various vertical 
circulation and building services, 
and 3 ft at each end for the wider 
parking bays required at the sides, 
as noted above. The resulting width 
is 424 ft. Eight parking bays with an 
overall width of 414 ft (8 X 51 ft 9 in. 



per bay) and a total of 304 stalls (8 
X 38 stalls per bay) can fit within 
this dimension. As an alternative, 
we also try a configuration with 
75-degree angle stalls. In this case, 
a bay 56 ft 4 in. wide can provide 45 
stalls of parking. Only seven bays 
can fit within the space, but with 
a total of 315 stalls in an overall 
width of 394 ft 4 in. In this second 
configuration, we can accommodate 
1 1 more stalls per parking level in 
a structure roughly 20 ft smaller in 
width. We select the second option. 

Assuming 11 ft 6 in. floor-to- 
floor heights and open-air parking 
at the top level, the top of the struc- 
ture, not including parapets, will be 
34 ft 6 in. (3 X 1 1 ft 6 in.) above the 
entrance level. Now that the config- 
uration of the parking system itself 
has been completed, the next steps 
in this design process will be the 
consideration of pedestrian circu- 
lation, building systems, and other 
elements. See pages 344-346 for 
more information on these subjects. 





Number of stalls per parking bay 



SIZING MULTI-BAY PARKING STRUCTURES 




Length of parking bay 




Use this chart to determine the 
length and width of a large-area 
multi-bay parking structure con- 
figured with express ramps and a 
combination of one-way and two- 
way aisles, as shown in the diagram 
below. Length of parking bay is the 
dimension of the structure parallel 
to the parking aisles, excluding the 
thickness of exterior walls. Number 
of stalls per parking bay is the num- 
ber of stalls within one bay (see the 
shaded area in the diagram). 

■ Read in one of the three indicat- 
ed bands for parking configured 
within the one-way aisles as either 
75-, 60-, or 45-degree angled stalls. 
Within each band, read along the 
bottom for Level of Service A con- 
ditions (most generously dimen- 
sioned) or along the top for Level 
of Service D (most constrained). 
Intermediate Levels of Service B 
and C are also represented by the 
thin white lines within each band. 
See page 333 for more informa- 
tion on selecting the appropriate 
level of service condition for your 
facility. 

■ Guidelines for incorporating 
pedestrian circulation, building 
systems, and other elements nec- 
essary to complete the design of a 
structured parking facility are pro- 
vided on pages 344-346. 
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1 

HEIGHT 
AND AREA 
LIMITATIONS 



This chapter explains how building code 
height and area limitations, Construction 
Type definitions, and related concepts influ- 
ence the size and form of your building. 



Height and Area Limitations 366 
Mixed-Occupancy Buildings 368 
Mezzanines, Floor Openings, and Atriums 372 

Fire Protection 374 
Construction Types 376 
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HEIGHT AND AREA LIMITATIONS 



1 he model codes place limitations 
on building heights and areas in 
relation to the type of construc- 
tion employed and the nature of 
the activities taking place within 
the building. This is done in order 
to ensure a minimum standard of 
life and fire safety for the occu- 
pants of the building as well as 
for surrounding buildings. Height 
and area limitations, because they 
limit building size and dictate the 
types of construction from which 
the designer may choose, have the 
largest impact on building design 
of any building code provisions. 
It is not uncommon during early 
design for consideration of these 
limits to lead to significant changes 
in program requirements or build- 
ing massing simply to enable the 
use of the most economical con- 
struction systems possible. 

Though both model build- 
ing codes approach limitations on 
building height and area vvith simi- 
lar goals, the particulars of how 
these requirements are defined and 
the results achieved differ signifi- 
cantly between them. To the maxi- 
mum extent possible, these differ- 
ences have been minimized in the 
height and area tables provided 
in this text by presenting the data 
from the codes in a consistent for- 
mat so that the designer may work 
as readily with one code as with 
the other. For example, the authors 
have adopted the names 3-Hour, 
2-Hour, and so on, for the Construc- 
tion Types. These names are based 
on the required fire-resistance 
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Use these indexes to find the height and 
area limitations table for the building code 
and Occupancies you are working with. 



ratings of the structural loadbear- 
ing frame in each Type and are 
used to overcome inconsisten- 
cies in nomenclature between the 
codes. In addition, the adjustments 
permitted in each code for allow- 
able area, height, inclusion of fire 
sprinklers, and other consider- 
ations have been precalculated for 
easy reference. 

One difference between the 
codes that was not possible to 



resolve relates to the determina- 
tion of allowable area. For the Inter- 
national Building Code, tabulated 
values in the height and area tables 
are for the total area of all floors 
of the building combined. For the 
National Building Code of Canada, 
the tabulated values are for the 
area of any single floor. When work- 
ing with these tables, be sure to 
apply the indicated values appro- 
priately. 



INTERNATIONAL BUILDING CODE 



Occupancy 


Height and 
Area Limits 


A- 1 : Assembly, Theaters 


388-389 


A-2: Assembly, Food and Drink Establishments 


390-391 


A-3: Assembly, Miscellaneous 


392-393 


A-4: Assembly, Indoor Arenas 


394-395 


A-5: Assembly, Outdoor Arenas 


396-397 


B: Business 


398-399 


E: Educational 


400-401 


F-1: Factory Moderate Hazard 


402-403 


F-2: Factory Low Hazard 


404-405 


H-1: High-Hazard, Detonation 


406-407 


H-2: High-Hazard, Accelerated Burning 


408-409 


H-3: High-Hazard, Combustibles 


410-411 


H-4: High-Hazard, Corrosives and Toxics 


412-413 


H-5: High-Hazard, Hazardous Production Materials 


414-415 


I-l: Institutional, Residential Care 


416-417 


1-2: Institutional, Medical and Custodial Care 


418-419 


1-3: Institutional, Detention and Security 


420-421 


1-4: Institutional, Day Care 


422-423 


M: Mercantile 


424-425 


R-1: Residential, Hotels and Motels 


426-427 


R-2: Residential, Multifamily 


428-429 


R-3: Residential, Miscellaneous 


430-431 


R 4: Residential, Residential Care 


432-433 


S-1: Storage, Moderate Hazard 


434-435 


S-2: Storage, Low Hazard 


436-437 


S-2: Open Parking Garages 


438-439 


U: Utility and Miscellaneous 


440-441 



See pages 6-12 for more information on Occupancy classifications in the 
International Building Code. 




HEIGHT AND AREA LIMITATIONS 



Each code has seemingly end- 
less exceptions to its own basic 
height and area limitations. The 
most important exceptions deal 
with adjustments permitted in 
exchange for automatic sprinkler 
systems. These adjustments have 
been incorporated fully into the 
following tables. Other important 
conditions are noted in the accom- 
panying text. Occasionally, excep- 
tions are so complex that they can- 
not reasonably be incorporated 



NATIONAL BUILDING CODE OF CANADA 



Occupancy 


Height and 
Area Limits 


A- 1 : Assembly, Theaters 


444-445 


A-2: Assembly, Miscellaneous 


446-447 


A-3: Assembly, Arenas 


448-449 


A-4: Assembly, Open Air 


450-451 


B-1: Detention 


452-453 


B-2: Medical Treatment 


454-455 


B-3: Care 


456-457 


C: Residential 


458-459 


D: Business and Personal Services 


460-461 


E: Mercantile 


462-463 


F-1: Industrial, High-Hazard 


464-465 


F-2: Industrial, Medium-Hazard 


466-467 


F-3: Industrial, Low-Hazard 


468-469 


F-3: Open-Air Garages 


470-471 



See pages 13-14 for more information about Occupancy classifications in the 
National Building Code of Canada. 



into these pages; for these, you 
are directed to the code itself. 
Some exceptions were deemed 
by the authors to be so minor as 
not to warrant their inclusion here. 
For this reason, you must carry 
out a thorough investigation of the 
building code itself as a building 
design progresses to its develop- 
mental stage. 

The following pages provide 
information on additional topics 
closely related to determining 



building height area. You should 
review these pages to the extent 
that these conditions apply to your 
building design: 

■ Mixed-Occupancy Buildings: 
pages 368-371 

■ Mezzanines, Floor Openings, and 
Atriums: pages 372-373 

■ Fire sprinklers, fire areas and 
compartments, exterior walls, and 
fire walls: pages 374-375 
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HEIGHT AND AREA LIMITATIONS 




MIXED-OCCUPANCY BUILDINGS 



Single buildings frequently accom- 
modate more than one type of 
Occupancy — for example, retail 
space on the ground floor of a mul- 
tistory office building, restaurants, 
bars, and meeting rooms in a hotel, 
or parking garages beneath com- 
mercial or residential occupancies. 
Use the following guidelines for the 
design of such mixed-occupancy 
structures. 

Construction Types 
for Mixed-Occupancy 
Buildings 

When a building contains more than 
one Occupancy, the model codes 
generally require that the structure 
remain a single Construction Type 
throughout. So, for example, a build- 
ing with both Assembly and Resi- 
dential Occupancies usually must 
be constructed to a single Construc- 
tion Type that satisfies the height 
and area restrictions of both Occu- 
pancies. It cannot be constructed 
to one Construction Type meeting 
the requirements of the Assembly 
portion and another Type meeting 
the requirements of the Residential 
portion. However, both codes also 
provide exceptions to this general 
rule, the most important of which 
are noted on the following pages. 



INTERNATIONAL 
BUILDING CODE 

When two or more Occupancies 
are combined in one building, the 
International Building Code allows 
these mixed-use conditions to be 
treated as Nonseparated, Separated, 
or Accessory Occupancies. 

__ Nonseparated 
303 Occupancies 

When occupancies are Nonseparat- 
ed, they are permitted to remain 
open to each other and there are no 
requirements for fire-rated separa- 
tions between them. In this case, the 
allowable building height and area 



are determined by applying the 
most restrictive limits of any of the 
Occupancies throughout the entire 
building. For example, in a building 
including nonseparated B Business, 
M Mercantile, and A Assembly 
Occupancies, the designer would 
consult the height and area limits 
for each of these occupancies and 
then apply the most restrictive lim- 
its to the building as a whole. 

Within each Nonseparated 
Occupancy area, occupant load cal- 
culations, egress configuration, and 
other code restrictions are applied 
according to the requirements for 
that particular Occupancy. 

When the code height and area 
limits are generous enough to permit 
the treatment of a mixed-occupancy 
building as Nonseparated, this is the 
simplest method to apply and the 
one that affords the greatest design 
flexibility within the building. 

Separated Occupancies 

When mixed Occupancies within 
a single building are treated as 
Separated, the code defines fire- 
resistance rating requirements for 
walls, doors, other openings, and 
floor/ceiling assemblies between 
these Occupancies. These separa- 
tions reduce the risk that fire and 
smoke in one area of the building 
can spread rapidly to others. In 
exchange for this added protection. 



larger overall building areas and 
taller heights are permitted. 

The degree of separation 
required in a Separated Occupancy 
building depends on the particular 
Occupancies involved. Consult the 
accompanying table for prelimi- 
nary design requirements. Occu- 
pancies listed together in the same 
row do not require separation even 
when they occur together within 
a Separated Occupancy building. 
Occupancies listed in separate 
rows require fire separations, with 
ratings ranging from 1 to 2 hours, 
between them. For example, in a 
building including B Business, M 
Mercantile, and A Assembly Occu- 
pancies, the B and M Occupancies 
may remain completely open to 
each other, but the Assembly Occu- 
pancy area must be separated from 
these others by fire-resistance-rat- 
ed construction and rated doors 
and other openings. 

In a Separated Occupancy 
building, each Occupancy area 
is required to conform to its own 
height limitations, both in number 
of stories and in feet (or meters) 
above grade. For example, in a four- 
story Separated Occupancy build- 
ing, where one of the Occupancy’s 
height limitations restricts it to no 
more than two stories, that Occu- 
pancy may only be located on the 
first or second floor of the building. 



SEPARATION REQUIREMENTS IN SEPARATED OCCUPANCY 
BUILDINGS 



Occupancies 

A,E 



I-l,I-3,I-4 



1-2 



R 



F-2, S-2, U 



B,F-1,M, S-1 



H 



Separation 

No separation required between these occupancies 
No separation required between these occupancies 
Separation required from all other occupancies 
Separation required from all other occupancies 
No separation required between these occupancies 
No separation required between these occupancies 
Consult the code. 
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Some other Occupancy, with height 
limits permitting four stories, may 
be located on any floor. 

Considering building area lim- 
its, where an entire building floor 
contains only a single Occupancy, 
the area of that floor is limited 
by the restrictions for that Occu- 
pancy. Where a floor shares two or 
more Occupancies, the allowable 
area determination for that floor is 
based on a proportional calcula- 
tion as follows: 

1 . For each Occupancy, divide its 
proposed area on the floor by the 
maximum area permitted by the 
code to get a decimal fraction. 

2. Add the fractional results for 
each Occupancy on the floor. 

3. The sum total must not exceed 1 . 

For example, consider a four- 
story university building, sprin- 
klered, of Type II-A Construction. 
The proposed footprint of the build- 
ing is 85,000 sq ft. On the first floor 
are three 5000-sq-ft auditoriums 
classified as Group A-3 Assembly 
and 70,000 sq ft of classroom space 
classified as Group B Business. In 
the height and area limit tables on 
pages 392-393 and 398-399 the 
allowable single-floor areas in mul- 
tifloor buildings for these two Occu- 
pancies are 46,500 sq ft for the 
Assembly Occupancy and 112,500 
sq ft for the Business Occupancy 
(these figures are read from the bot- 
tom row of the height and area limit 
tables). To check the floor area, first 
divide the proposed area by the 
allowable area for each Occupancy: 

Group A-3, area on floor 1 : 

3 X 5000 sq ft proposed 

— = 0.32 

46,500 sq ft allowed 

Group B, area on floor 1: 

70,000 sq ft proposed 
112 ,500 sq ft allowed 

Then sum the fractions and 
compare to 1 : 

0.32 + 0.62 = 0.94 < 1 OK 



In this case, the sum of the frac- 
tions is less than 1, and this com- 
bination of Occupancies is within 
allowable area limits. In a building 
with more than one floor, this check 
must be performed for each floor. 
(These additional checks are omit- 
ted in this example.) 

For Separated Occupancy 
buildings over three stories in 
height, an additional check must 
be made to verify area limits for 
the building as a whole. In this 
case, a similar proportional cal- 
culation is performed, but com- 
paring the proposed area on all 
floors to the allowable area on all 
floors. Continuing with the exam- 
ple above, assume that the sec- 
ond through fourth floors of the 
building each contain 85,000 sq 
ft of classroom and office space 
all classified as Group B Business. 
Consulting again the height and 
area limit tables, the total allow- 
able area on all floors for these 
two Occupancies is 139,500 sq 
ft for the Assembly Occupancy 
and 337,500 sq ft for the Busi- 
ness Occupancy (these figures are 
read from the row corresponding 
to the proposed story height of 
the building). First, for each Occu- 
pancy, divide the proposed area 
on all floors by its allowable area 
on all floors: 

Group A- 3, area on all floors: 

3 X 5000 sq ft proposed ^ ^ ^ 

139,500 sq ft allowed 

Group B, area on all floors: 

70,000 sq ft + 

3 X 85,000 sq ft proposed 

= 0.96 

337,500 sq ft allowed 

Then sum the fractions and 
compare to 1 : 

0.11 + 0.96 = 1.07 > 1 NOT OK 

In this case, considering the 
area on all floors of the building, 
the sum of the fractions exceeds 1 
and the proposed building is not 



within the code’s area limits for the 
proposed mix of Occupancies. To 
solve this problem, the building 
area must be reduced, the mix of 
Occupancies must be adjusted, or 
a Construction Type with greater 
allowable area must be selected. 

Accessory Occupancies 

Occupancies of limited area that 
are ancillary to another primary 
Occupancy may be treated as 
Accessory to the primary Occu- 
pancy. This approach may result 
in relaxed separation requirements 
and/or reduced impact on building 
height and area limits in compari- 
son to other approaches to mixed 
Occupancies. 

One or more Occupancy 
areas may be considered Acces- 
sory when, in total, they occupy 
no more than 10% of the area of 
the floor on which they are locat- 
ed. In most cases, no separation is 
required between Accessory and 
primary Occupancy areas, and 
building height and area require- 
ments are governed by the pri- 
mary Occupancy. Occupant load, 
egress, and sprinkler requirements 
for each Occupancy are applied 
individually to each area. Addition- 
ally, Accessory areas themselves 
may not exceed the unsprinklered 
height and area limits (regardless 
of whether sprinklers are pres- 
ent) for their particular Occupancy 
type. Certain Occupancies, such as 
High-Hazard, may not be treated 
as Accessory to others, regardless 
of size. 

Incidental Accessory Occupan- 
cies are a list of particular Acces- 
sory Occupancies considered to 
have special fire- or life-safety 
risks. Though they may be treated 
as Accessory for the purposes of 369 
height and area calculations, they 
must also meet specific fire separa- 
tion and protection requirements. 
Examples of such Occupancies 
include certain furnace rooms, 
boiler rooms, incinerator rooms. 
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machinery rooms, paint shops, 
laboratory areas, vocational shop 
areas, laundry rooms, waste and 
linen collection rooms, fire pump 
rooms, and others. See the code for 
more details. 

Horizontal Building 
Separations 

The International Building Code 
recognizes unique Occupancy 
combinations that result, for pur- 
poses of code analysis and com- 
pliance, in two separate buildings, 
using different Construction Types, 
one constructed above the other. 
The advantage to these scenarios 
is the possibility of building to a 
greater height with less expensive 
construction systems than would 
otherwise be permitted. These sce- 
narios are summarized below. See 
the code for more details. 

3-Hour Horizontal Building 
Separation 

The building up to the first story 
above grade is constructed of 
3-Hour (Type lA) Construction and 
is separated from the construction 
above by a 3-hour rated horizontal 
assembly. The following conditions 
apply: 

■ The first story and any stories be- 
low grade must be fully sprinklered 
and may include A, B, M, R, and S-2 
Occupancies. 

■ The portions of the structure 
above the first story may include B, 
M, R, and S Occupancies. Any Con- 
struction Type may be used, as long 
as height and area requirements 
are satisfied. 

■ For the upper Occupancies, allow- 
able height in stories is measured 
from the horizontal separation be- 
tween the first and second stories. 

■ Maximum allowable building 
height in feet (or meters), for all 
parts of the structure, is measured 
from the ground plane. 



R Occupancy Over Parking 

The building up to the first story 
above grade is constructed of at 
least 2-Hour (Type IB) or Mill (Type 
IV) Construction and is separated 
from the construction above by a 
rated horizontal assembly (usually 
1-hour). The following conditions 
apply: 

■ The first story and any stories be- 
low grade must be fully sprinklered 
and may include only Group S-2 
parking. 

■ The portions of the structure 
above the first story may include 
any R Occupancy. Any Construc- 
tion Type may be used, as long as 
height and area requirements are 
satisfied. 

■ For the R Occupancy, allowable 
height in stories is measured from 
the horizontal separation above the 
parking. 

■ Allowable building height in feet 
(or meters) , for all parts of the struc- 
ture, is measured from the ground 
plane. 

A, I, B, M, and R Occupancies 
Over Parking 

An open parking garage is built to 
the Construction Type and height 
and area requirements of the table 
on pages 338-339. A rated hori- 
zontal separation (usually 2-hour) 
is required between the parking 
garage and the Occupancies above. 
The following conditions apply: 

■ The Construction Type for lower 
portions of the structure must be at 
least as fire-resistant as for the por- 
tions above. 

■ The portions of the structure 
above the parking may include 
A, 1, B, M, and R Occupancies. Any 
Construction Type may be used, 
as long as height and area require- 
ments are satisfied. 

■ For the upper Occupancies, al- 
lowable height, in feet (or meters) 
and stories, is measured from the 
ground plane. 



Parking Over B and M 
Occupancies 

The building up to the first story 
above grade is a Noncombustible 
Construction Type and is separat- 
ed from the construction above by 
a 2-hour rated horizontal assembly. 
The following conditions apply: 

■ The first story and any stories 
below grade may include B and M 
Occupancies, as long as height and 
area requirements are satisfied. 

■ The Construction Type for lower 
portions of the structure must be at 
least as stringent as for the portions 
above. 

■ Above the first story, an Occu- 
pancy S-2 open parking garage is 
built to the Construction Type and 
height and area requirements of the 
table on pages 338-339. 

■ For the parking portion of the 
structure, allowable height, in feet 
(or meters) and stories, is mea- 
sured from the ground plane. 

Open Parking Over Enclosed 
Parking 

The building up to the first story 
above grade is a Noncombustible 
Construction Type and is separated 
from the construction above by a 
horizontal assembly with the same 
rating required for any other floor 
in that Construction Type. 

■ The first story and any stories be- 
low grade may include only Group 
S-2 enclosed parking. 

■ The Construction Type for lower 
portions of the structure must be at 
least as stringent as for the portions 
above. 

■ Above the first story, an Occu- 
pancy S-2 open parking garage is 
built to the Construction Type and 
height and area requirements of the 
table on pages 338-339. 

■ For the upper portion of the struc- 
ture, allowable height, in feet (or 
meters) and stories, is measured 
from the ground plane. 
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NATIONAL BUILDING 
CODE OF CANADA 

Separated Occupancies 

In the National Building Code of 
Canada, distinct Occupancies with- 
in a building must be separated 
from each other by fire-resistant 
wall and floor assemblies. Fire- 
resistance rating requirements for 
these separations vary from 1 to 2 
hours, except for F-1 High-Hazard 
Industrial Occupancies, for which 
2- to 3-hour separations from other 
Occupancies are required. In addi- 
tion, the following limitations apply: 

■ A building containing an F-1 
High-Hazard Industrial Occupancy 
may not contain any A Assembly, B 
Detention, Treatment, or Care, or C 
Residential Occupancies. 

■ A building containing an F-2 Me- 
dium-Hazard Industrial Occupancy 
may not contain more than one C 
Residential Suite or Occupancy. 

Accessory Occupancies 

Accessory Occupancies are rec- 
ognized, in which the area of one 
or more Occupancies does not 
exceed 10% of the total area on a 
floor. Accessory Occupancies are 
not required to be separated from 
the major Occupancy and are not 
considered in the determination of 
height and area limits for the build- 
ing. High- and Medium-Hazard 
Industrial Occupancies may not be 
treated as accessory to other occu- 
pancies. 

Mixed Construction Types 

In mixed-occupancy buildings, the 
most restrictive Construction Type, 
height, and area requirements of 
any of the major Occupancies are 
applied to the whole building. How- 
ever, in cases where one Occu- 
pancy Type occurs fully above 
or below another, the code also 
permits an alternative treatment in 
which each portion of the structure 



may meet the Construction Type 
requirements for that portion’s 
Occupancy, while the more restric- 
tive height and area requirements 
of either Occupancy are applied to 
the building as a whole. This option 
allows the possibility of a single 
building of multiple Construction 
Types — for example, combustible 
residential units above a noncom- 
bustible commercial first story. 

Basement Separations 

A fire separation is required 
between basements and floors 
above grade. For a single-level 
basement, this separation must 
have a fire-resistance rating of 
at least 45 minutes and not less 
than that required for floor assem- 
blies as determined by building 
Construction Type requirements. 
For multilevel basements, this fire 
separation must be 2 to 3 hours, 
depending on the basement Occu- 
pancies. The floors within a mul- 
tilevel basement cannot have less 
than a 45-minute fire-resistance 
rating. 

Parking Garages and 
Mixed Occupancies 

When a basement is used primar- 
ily as a parking garage for vehicle 
storage only (exclusive of vehicle 
servicing or fueling), it may be con- 
sidered as a separate building, pro- 
vided that the separation between 
the garage and the Occupancies 
above, as well as the portions of 
the garage walls above grade, are 
constructed of noncombustible con- 
struction with a 2-hour fire-resis- 
tance rating. In this case, the struc- 
ture above the garage is subject to 
its own Construction Type, height, 
and area requirements. In some 
cases, the garage may also require 
sprinklers. See the code for details. 

Small Buildings 

The National Building Code of 
Canada includes distinct require- 



ments for Housing and Small Build- 
ings, that is, buildings not greater 
than 600 m^ (6458 sq ft) in horizon- 
tal extent, not greater than three 
stories in height, and serving only 
C Residential, D Business and Per- 
sonal Services, E Mercantile, and 
F-2 or F-3 Medium- or Low-Hazard 
Industrial Occupancies. For pre- 
liminary design purposes, assume 
the following construction require- 
ments. See the code for details: 

■ y4-Hour Combustible or Noncom- 
bustible Construction is required 
(with some exceptions for roof and 
mezzanine construction). 

■ Depending on the proximity to 
other buildings, exterior walls may 
be required to be of Noncombus- 
tible Construction. 

■ Firewalls, used to create separate 
buildings, must be of Noncombus- 
tible Construction. 

■ Separation walls between two 
side-by-side C Residential Occu- 
pancies may be 1-hour rated Com- 
bustible or Noncombustible Con- 
struction. 

■ C Residential Occupancies must 

be separated from other Occu- 
pancies by assemblies with 1- to 
2-hour fire-resistance ratings. ^ 
Not more than one C Residential ^ 
Occupancy suite may be mixed with h 
F- 2 Medium-Hazard Industrial Oc- S 
cupancy. S 

■ In C Residential Occupancies, g 
no fire-rated separation is required ^ 
between a parking garage serving P 
a single dwelling and that dwelling h! 
unit, provided that the construction n 
between the dwelling unit and the g 
garage is constructed as a barrier ® 
to the passage of gas and exhaust 
fumes, and doors from the garage 

do not open into rooms intended 
for sleeping. 

■ Sprinklers are not required but 
may be used as a tradeoff for vari- 
ous other code requirements. 
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MEZZANINES 

A mezzanine is an intermediate 
platform located between the floor 
and ceiling of a room. Under both 
model building codes, mezzanines 
of limited area are not counted 
toward the number of floors or the 
area limits of a building. However, 
the area of a mezzanine is con- 
sidered when calculating occupant 
loads and egress requirements. 

International Building 
Code 

In the International Building Code, 
the area of a mezzanine generally 
may not exceed one-third of the 
open area of the room in which it 
is located. However, mezzanines 
in fully sprinklered buildings of 
Noncombustible Construction may 
be up to one-half of the open room 
area, and mezzanines in certain 
Industrial Occupancies may be up 
to two-thirds of this area. (Enclosed 
portions of the room in which mez- 
zanines are located are not includ- 
ed in these calculations.) 

Generally, mezzanines must 
remain open to the room in which 
they are located. Exceptions to this 
requirement include portions of a 
mezzanine with an occupant load of 
10 or less; portions not exceeding 
10% of the mezzanine area; mezza- 
nines with two means of egress, at 
least one of which leads directly to 
an exit; and mezzanines in certain 
industrial or low-rise nonhazardous 
Occupancy buildings. 

Mezzanine egress require- 
ments are determined as for any 
other room or space within a build- 
ing, considering, for example, the 
number of occupants. Occupancy 
372 Type, common path of travel, travel 
distance, and so on. See the discus- 
sion of Exit Access, beginning on 
page 266, for more information 

Mezzanines are subject to the 
same Construction Type require- 



ments as the building in which they 
are located. 

National Building Code of 
Canada 

In the National Building Code of 
Canada, the area of a mezzanine 
may not exceed 40% of the open 
area of the room in which it is 
located, with enclosed portions of 
the room not included in this cal- 
culation. A mezzanine is required 
to remain open to the room, except 
that portions of the mezzanine not 
exceeding 10% of the open area 
of the room may be enclosed if 
direct line-of-sight communication 
between the enclosed mezzanine 
area and the open floor area below 
is maintained. In some cases, a 
mezzanine may be constructed to a 
lesser fire resistance than the floor 
on which it is located; see pages 
378-379 for more information. 

Means of egress requirements 
for mezzanines are generally deter- 
mined as for any other floor area. 
However, this code also provides 
a variety of exceptions for mez- 
zanine egress related to number of 
exits, travel distance limits, mezza- 
nine area, and occupancy. See the 
code for more information. 

For mezzanines with more than 
one level, only the first level may 
be omitted when determining the 
total number of building floors or 
area. 



FLOOR OPENINGS AND 
ATRIUMS 

In both model codes, openings that 
create atmospheric connections 
between floors within a building, 
other than enclosed exit stairways, 
elevator hoistways, service shafts, 
and other such protected vertical 
structures, are subject to restrictions 
intended to limit the rapid spread of 
smoke or fire between floors in the 
event of a building fire. 



International Building 
Code 

Floor openings are permitted in the 
following circumstances: 

■ Openings within dwelling units 
not connecting more than four 
floors 

■ Openings between a floor and its 
mezzanines 

■ Openings for exit access stair- 
ways not connecting more than two 
floors, providing no more than one- 
half of the required exit capacity for 
those floors, in other than Group H 
or I Occupancies 

■ Openings for exit access stair- 
ways between the first and second 
floors above grade in sprinklered 
buildings in other than Group H or I 
Occupancies (including up to 100% 
of the required egress capacity) 

■ In sprinklered buildings, open- 
ings for escalators and for stairs 
not considered part of the means of 
egress (sometimes limited to those 
connecting not more than four 
floors) 

■ Openings not connecting more 
than two floors, not part of the exit 
or exit access system, and not con- 
nected to any corridor on an un- 
sprinklered floor or to any corridor 
in a Group I or R Occupancy 

■ Openings for parking garage au- 
tomobile ramps or elevator hoist- 
ways not connected to other occu- 
pancies 

■ Openings protected with fire-rat- 
ed shutters or doors that close auto- 
matically in the case of fire 

Floor openings with special 
smoke and fire control provisions, 
called atriums, are also permitted, 
provided that the following require- 
ments are met: 

■ Activities on the floor level of the 
atrium are restricted to those with 
a low fire hazard, unless that area is 
protected by sprinklers. 
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■ Buildings containing atriums must 
be sprinklered throughout, except 
that areas adjacent to and above 
an atrium need not be sprinklered 
when separated from the atrium by 
2-hour rated assemblies. Addition- 
ally, atrium ceilings more than 55 ft 
(17 m) above the atrium floor need 
not be sprinklered. 

■ Atriums connecting more than 
two floors must be provided with a 
mechanical smoke control system 
designed to protect occupants from 
smoke and toxic gasses during a 
fire emergency. 

■ Atriums must be separated from 
adjacent spaces by 1-hour rated 
walls, except that up to three floors 
may be open to an atrium as long 
as the smoke control system de- 
sign accounts for the volume of the 
connected areas. Walls separat- 
ing atriums from adjacent spaces 
may include glass when the glass 
areas are protected with sprinkler 
systems designed to completely 
wet the glass surfaces when acti- 
vated, or they may be constructed 
of glass block with not less than a 
y4-hour fire-resistance rating. 

■ Except at its lowest level, portions 
of exit access travel within atrium 
spaces may not exceed 200 ft (61m). 

National Building Code of 
Canada 

In the National Building Code 
of Canada, openings between 
floors are called interconnected 



floor spaces and are permitted as 
follows: 

■ Floor openings may connect the 
ground floor of a building with 
either the floor directly above or 
below (but not both) if the open- 
ing size is limited as necessary for 
an open stairway, inclined moving 
walk, or escalator; the intercon- 
nected space contains only A, D, 
E, F-2, or F-3 Occupancies; and the 
building area is no more than one- 
half of its maximum code-permit- 
ted area. 

■ Floor openings as above, but of 
unlimited area, are permitted if the 
interconnected floor space is fully 
sprinklered. 

■ Floor openings for escalators or 
inclined moving walks, not exceed- 
ing 10 m^ (108 sq ft) in area, may 
connect any floors with A, D, or E 
Occupancies in fully sprinklered 
buildings. 

■ Floor openings may connect any 
two floors in a B-1 Detention Occu- 
pancy building. 

■ Floor openings are permitted for 
vehicular ramps in parking garag- 
es. 

■ Floor openings are permitted in 
special industrial buildings where 
necessary for the flow of materials 
for the manufacturing processes 
taking place. 

More extensive interconnected 
floor spaces are also are permit- 
ted in fully sprinklered buildings 



constructed of Noncombustible or 
Heavy Timber Construction meet- 
ing all of the following require- 
ments: 

■ A mechanical smoke exhaust 
system serving the interconnected 
floor spaces is provided. 

■ The quantity of combustible con- 
tents located in interconnected 
floor spaces is limited. 

■ Exit access ways are separated 
from interconnected floor spaces 
by fire separations with a fire-re- 
sistance rating not less than the re- 
quired rating for floor assemblies. 

■ Exits opening into intercon- 
nected floor spaces are protected 
by vestibules. Elevator shafts that 
open into interconnected floor 
spaces, as well as spaces on higher 
floors, are protected by vestibules 
either on all interconnected floor 
space floors or all floors above. 

■ Sleeping rooms in Group B-2 
Care or Detention Occupancies are 
not located within interconnected 
floor spaces. 

Occupancy areas on a floor 
may be considered not part of an 
interconnected floor space if they 
are separated from that space by 
walls with a fire-resistance rat- 
ing equal to that of the floor. For 
example, where the code allows 
only certain Occupancies to occur 
within interconnected floor space, 
other Occupancies can occur on 
the same floor if they are separated 
as required. 
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FIRE PROTECTION 



FIRE SPRINKLERS 

In addition to the sprinkler require- 
ments incorporated into the height 
and area tables beginning on page 
385, both model building codes 
require sprinklers in a variety of 
other circumstances. 

In the International Building 
Code: 

■ Most buildings with occupied 
floors more than 55 ft (16.8 m) 
above the lowest ground level must 
be sprinklered throughout. Build- 
ings with occupied floors more 
than 75 ft (23 m) above the lowest 
ground level must meet additional 
fire safety requirements. See page 
29 1 for more information. 

■ Most buildings with occupied 
floors more than 30 ft (9.1 m) be- 
low the lowest grade must have all 
exit levels and below grade-levels 
sprinklered. For more information 
on underground building require- 
ments, see page 292. 

■ Stories above or below grade 
without openings to the exterior, or 
with openings limited in size or ex- 
tent (see the code for details), must 
be sprinklered. 

In the National Building Code 
of Canada: 

■ High buildings, that is, buildings 
with occupied floors 18 m (59 ft) to 
36 m (1 18 ft) above grade, must be 
sprinklered throughout. See pages 
292-293 for information on high 
building requirements. 

■ Where a story is required to be 
sprinklered throughout, all stories 
below that story (including both 
above- and below-ground stories) 
must also be sprinklered. 

■ Normally, all basements levels 
374 must be sprinklered. However, if 

the ground-level floor of a build- 
ing is not required to be sprin- 
klered, the following exceptions 
may be applied: Basement levels 
may remain unsprinklered if they 
are subdivided by fire separations 



into compartments not greater than 
600 m^ (6460 sq ft) in area. Or, a first 
story below grade may remain un- 
sprinklered if it contains only resi- 
dential Occupancies and has direct 
access from a public street in the 
form of doors, windows, or other 
acceptable openings. 



FIRE AREAS AND FIRE 
COMPARTMENTS 

In the International Building Code, 
fire-resistance rated walls and floor/ 
ceiling assemblies may be used to 
subdivide portions of a building 
into so-called fire areas. Fire area 
size is one factor in determining 
when fire sprinklers are required 
for a particular Occupancy. In some 
circumstances, limiting the size of a 
fire area can eliminate the need for 
sprinklering. 

Fire area size is determined by 
measuring the floor area surround- 
ed by fire-rated wall or floor assem- 
blies. For example, in a single-story 
building with the interior undivid- 
ed, the fire area is calculated as the 
entire floor area of the building. In a 
multistory building, where interior 
walls and floor/ceiling assemblies 
are all unrated, the fire area is cal- 
culated as the sum of the areas of 
all floors. On the other hand, in this 
second example, if floor/ceiling 
assemblies are constructed with 
sufficient fire resistance, each floor 
may be considered as a separate, 
smaller fire area. The floor area of 
mezzanines is included in fire area 
calculations, as is the combined 
area of floors connected by unpro- 
tected openings. 

Even when a fire area require- 
ment applies only to one particu- 
lar occupancy, fire area is mea- 
sured including all areas that are 
not separated by rated assemblies. 
For example, consider a single- 
story office building, 15,000 sq 
ft in area, including a 1000-sq-ft 
A-3 Assembly Occupancy space 



and the remainder B Occupancy. 
According to the information pro- 
vided with the table on pages 392- 
393, A-3 Occupancies with a fire 
area greater than 12,000 sq ft must 
be sprinklered. In this example, if 
the assembly and business areas 
are not properly separated, the fire 
area is the area of the entire floor, 
15,000 sq ft, and the entire floor 
must be sprinklered. Alternatively, 
if adequately rated wall assemblies 
are used to separate the assembly 
and business areas, the fire area 
of the assembly space is only 1000 
sq ft, and sprinklers are no longer 
required. 

Fire-resistance rating require- 
ments for separations between 
fire areas range from 1 to 4 hours, 
depending on the type of Occu- 
pancy involved. For preliminary 
purposes, a 2-hour rating may be 
assumed for nonhazardous Occu- 
pancies. 

The National Building Code of 
Canada defines fire compartments 
as areas surrounded by fire-resis- 
tance rated wall and floor assem- 
blies. Fire compartment size can be 
a factor, for example, in the limits 
placed on the presence of com- 
bustible finish materials in build- 
ings of Noncombustible Construc- 
tion types or the maximum area of 
openings in fire separation walls or 
exterior walls. Fire compartment 
size may also affect requirements 
for sprinklers in certain Occupancy 
conditions. 



EXTERIOR WALLS 

Exterior walls must be construct- 
ed to resist fires originating from 
within the building itself as well 
as from nearby structures. In cases 
where buildings are close to prop- 
erty lines or other structures, the 
risk of exposure to fire from adja- 
cent buildings may create more 
stringent requirements for limits 
on combustibility or fire resistance 




FIRE PROTECTION 



of exterior walls of a building than 
would otherwise be required for its 
own Construction Type. 

Specific requirements vary 
with the type of construction, the 
Occupancies within the building, 
the presence of sprinklers, the 
extent of openings within the wall, 
and the distance between build- 
ings. In the International Build- 
ing Code, excluding High-Hazard 
Occupancies, fire-resistance rating 
requirements for exterior walls of 
buildings less than 60 ft (18 m) 
apart range from 0 to 1 hour, and 
for buildings separated by less 
than 20 ft (6 m) they range from 1 
to 2 hours. In the National Build- 
ing Code of Canada, exterior wall 
fire-resistance rating requirements 
range from 45 minutes to 2 hours, 
with distances between buildings 
varying from as little as 12 m (39 
ft) to as much as 140 m (459 ft), 
depending especially on the extent 
of openings in the walls. 

In addition, as the distance 
between buildings decreases, the 
extent of windows, doors, and other 
unprotected openings permitted in 
exterior walls also declines. Con- 
sult the code for details. 



FIREWALLS 

Fire walls are assemblies used to 
divide structures into two or more 
parts such that the construction on 
either side of the assembly may 
then be considered a separate 
building for the purposes of deter- 



mining its Construction Type and 
allowable height and area. In this 
way, a building of virtually any hor- 
izontal extent can be built, so long 
as it is subdivided by fire walls into 
self-contained parts that individu- 
ally comply with code limitations. 
(Both model codes also recognize 
certain circumstances in which 
horizontal separations can be used 
to create two virtual buildings, one 
above the other. See pages 370-37 1 
for more information.) 

Fire walls require a fire-resis- 
tance rating of 2 to 4 hours, depend- 
ing on the Occupancies being sep- 
arated. They must be constructed 
either as two separate walls, each 
independently supported by the 
structures on opposite sides, or as 
one wall that can remain standing 
in the event of a structural collapse 
on either side. The National Build- 
ing Code of Canada also permits a 
single fire wall to be supported by 
a noncombustible structure when 
that structure has a fire-resistance 
rating at least as great as that 
required for the wall. 

Fire walls must extend continu- 
ously from one exterior wall of the 
structure to the other and, in most 
circumstances, from the building 
foundation to the roof. (Where the 
codes permit horizontal separation 
creating two buildings, one above 
the other, the bottom of a fire wall in 
the upper building may terminate 
at the separation.) Tlnd they may be 
vertical structures only. That is, hori- 
zontal floor/ceiling assemblies may 
not be part of fire wall structures. 



The International Building 
Code requires fire walls to be of 
Noncombustible Construction, 
unless separating solely Type V 
Wood Light Frame structures on 
both sides. In the National Build- 
ing Code of Canada, fire walls 
with a 4-hour fire-resistance rating 
must be constructed of masonry 
or concrete. Walls with a 2-hour 
rating may be constructed of other 
materials as long as their durabil- 
ity and stability during fires can 
be ensured. 

Depending on the fire resis- 
tance of the building’s exterior 
construction, fire walls may be 
required to project beyond exte- 
rior walls and/or roofs a distance 
ranging from 6 to 36 in. (150 to 
900 mm) to limit the chance of 
fire jumping from one side of the 
wall to the other. Where exterior 
walls and roofs have sufficient fire 
resistance themselves, fire walls 
may be permitted to terminate at 
these boundaries without project- 
ing beyond. For the same reason, 
openings in exterior walls or roofs 
within certain distances of fire 
walls may be restricted. 

Within fire walls themselves, 
openings, most commonly for doors, 
must be fire rated. Each opening 
must meet specified size limits, 
and the area of all openings taken 
together must not exceed 25% of 
the wall’s total area. Where fire walls 
coincide with property lines (also 
known as party walls), the Interna- 
tional Building Code does not per- 
mit openings of any type. 



.ND AREA LIMITATIONS 




CONSTRUCTION TYPES 



INTERNATIONAL 
BUILDING CODE 

This section summarizes the fire- 
resistance rating and construc- 
tion requirements for Construction 
Types in the International Building 
Code. Once you have determined 
an appropriate Construction Type 
for a project, based on the height 
and area tables on pages 388-441, 
use this section to relate the Con- 
struction Type to complete sys- 
tems of construction. The table on 
these two facing pages consolidates 
and simplifies the fire-resistance 
requirements for each Construction 
Type. The pages following this chart 
define each Construction Type in 
terms of specific structural systems, 
materials, and minimum thicknesses 
of components necessary to meet 
the required fire-resistance rating. 
The values in the table below may 
be modified as follows: 

Reduction in 1-Hour Rated 
Construction: Where building 



height and area are read from 
the Unsprinklered column of the 
height and area tables in this book, 
and a sprinkler system is not oth- 
erwise a code requirement, the 
use of sprinklers may be applied 
toward a reduction in the protection 
requirements for buildings of any 
1-Hour Construction Type. That is, 
when reading height and area from 
unsprinklered 1-Hour Noncombus- 
tible (Type II-A), 1-Hour Ordinary 
(Type III-A), or 1 -Hour Wood Light 
Frame (Type V-A) Construction, 
you may fully sprinkle the build- 
ing and then use the Construc- 
tion Type requirements of Unpro- 
tected Noncombustible (Type II-B), 
Unprotected Ordinary (Type III-B), 
or Unprotected Wood Light Frame 
(Type V-B) Construction, respec- 
tively. Exterior bearing wall fire- 
resistance requirements are not 
reduced. However, wherever the 
code requires sprinklers for any 
other reason, such as height and 
area adjustments or Occupancy 



and fire area restrictions, this con- 
struction type reduction cannot be 
applied. 

Exterior Bearing Walls: In 

addition to the requirements indi- 
cated in the table on these two 
facing pages, see also the discus- 
sion of fire-resistance requirements 
for exterior walls, page 375, for 
information regarding protection of 
exterior walls when in close prox- 
imity to other buildings. 

Structure Supporting Roofs 
Only: In 3-Hour and 2-Hour (Type 
I-A and Type I-B) Construction, 
fire-resistance requirements for the 
structural frame and interior bear- 
ing walls supporting roofs only 
may be reduced by 1 hour. Roof 
construction and exterior bearing 
wall fire-resistance requirements 
are not reduced. 

Roof Construction: Roof struc- 
tures 20 ft (6 m) or more above the 
floor below may be unprotected 
except in F-1, H, M, and S-1 Occu- 
pancies. Heavy Timber Construc- 
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Noncombustible 


CONSTRUCTION TYPE 


3-Hour 


2-Hour 


1-Hour 


Unprotected 


INTERNATIONAL BUILDING 


(page 380) 


(page 380) 


(page 381) 


(page 382) 


CODE NOMENCLATURE 


Type I-A 


Type II-A 


Type II-A 


Type II-B 


STRUCTURAL FRAME INCLUDING 










COLUMNS, GIRDERS, TRUSSES 


3 


2 


1 


0 


EXTERIOR BEARING WALLS 


3 


2 


1 


0 


INTERIOR BEARING WALLS 


3 


2 


1 


0 


FLOOR GONSTRUGTION 


2 


2 


1 


0 


ROOF CONSTRUCTION 


VA 


1 


1 


0 


PARTY WALLS AND FIRE WALLS 


2-4 


2-4 


2-4 


2-4 


EXIT STAIR, EXIT PASSAGEWAY, 


2 


2 


2-hr connecting 4 stories or more 


AND SHAFT ENCLOSURES 






1-hr connecting less than 4 stories 


EXIT ACCESS CORRIDORS 


0-1 


0-1 


0-1 


0-1 


(PAGE 269) 










MALL TENANT SPACE 


1 


1 


1 


1 


SEPARATIONS 










DWELLING UNIT AND SLEEPING 


1 


1 


1 


I'A 


UNIT SEPARATIONS 










OTHER NONBEARING 




0 (noncombustible) 




PARTITIONS 












CONSTRUCTION TYPES 



tion is permitted wherever a roof 
structure with a fire-resistance rat- 
ing of 1 hour or less is required, in 
all occupancies. 

Enclosures for Corridors and 
Exits: For more information on cor- 
ridor enclosure requirements, see 
page 269, and for exit enclosures, 
see pages 274-275. 

Mall Tenant Spaces: Individual 
tenant spaces in covered mall build- 
ings must be separated from each 
other (but not from the mall space) 
by wall and floor assemblies with a 
1-hour fire-resistance rating. 

Dwelling Unit and Sleeping 
Unit Separations: Walls separat- 
ing dwelling units or sleeping 
units in I-l Residential Care, R-1 
Hotel and Motel, R-2 Multifamily, 
and R-3 Miscellaneous Residential 
Occupancies must be separated 
from other such units and from 
other Occupancies by wall and 
floor assemblies with a 1-hour fire- 
resistance rating. This requirement 
may be reduced to a ‘/ 2 -hour rating 



in any noncombustible, unprotect- 
ed Construction Type, provided 
that the building is fully sprin- 
klered. 

Tall Buildings: For buildings 
with occupied floors more than 75 
ft (23 m) above grade, with roofs 
not higher than 420 ft (128 m), and 
equipped with enhanced sprinkler 
systems. Construction Type and 
rated assembly requirements may 
be adjusted as follows: 

■ Buildings of Type 1-B Construction 
may be built to the height and area 
limits of Type 1-A Construction, ex- 
cept that columns supporting floors 
must be built to the requirements of 
Type I-A Construction. 

■ In other than Group F-1, M, and 
S-1 Occupancies, buildings of Type 
11-A Construction may be built to 
the height and area limits of Type 
1-B Construction. 

■ Shafts for other than exits and ele- 
vators may be enclosed with 1-hour 
fire-resistance rated construction 



when the interiors of the shafts 
themselves are protected with an 
automatic sprinkler system. 

These provisions do not apply 
to open parking garages, airport 
traffic control towers, outdoor 
sports arenas, and some unusually 
tall low- and medium-hazard indus- 
trial buildings. For special egress 
system and smoke control require- 
ments in tall buildings, see High- 
rise Building Egress, page 291. 

Substitution of Higher-Rated 
Construction Types: Height and 
area limits define minimum levels 
of fire protection but do not pre- 
clude the use of more fire-resistant 
systems. For example, where the 
building code permits a building 
of Unprotected Combustible (Type 
V-B) Construction, any other Con- 
struction Type is also permitted. 
Alternatively, where 1-Hour Com- 
bustible Construction is required, 
1-Hour or greater Noncombustible 
Construction is also permitted. 



Mixed Combustible/Noncombustible 


Combustible 


Ordinary 


Mill 


Wood Light Frame 


1-Hour 
(page 382) 


Unprotected 
(page 382) 


(page 382) 


1-Hour 
(page 384) 


Unprotected 
(page 384) 


Type III-A 


Type III-B 


Type IV-HT 


Type V-A 


Type V-B 


1 


0 


Heavy Timber 


1 


0 


2 Noncombustible 2 Noncombustible 


2 Noncombustible 


1 


0 


1 


0 


1 or Heavy Timber 


1 


0 


1 


0 


Heavy Timber 


1 


0 


1 


0 


Heavy Timber 


1 


0 


2-4 


2-4 


2-4 


2-4 


2-4 




2-hr connecting 4 stories or more 
1-hr connecting less than 4 stories 




0-1 


0-1 


0-1 


0-1 


0-1 


1 


1 


1 


1 


1 


1 


l‘/2 


1 


1 


Wz 


0 


0 


0 


0 


0 



CONSTRUCTION TYPE 
INTERNATIONAL BUILDING 
CODE NOMENCLATURE 

STRUCTURAL FRAME INCLUDING 
COLUMNS, GIRDERS, TRUSSES 
EXTERIOR BEARING WALLS 
INTERIOR BEARING WALLS 
FLOOR CONSTRUGTION 
ROOF CONSTRUCTION 
PARTY WALLS AND FIRE WALLS 

EXIT STAIR, EXIT PASSAGEWAY, 
AND SHAFT ENCLOSURES 
EXIT ACCESS CORRIDORS 
(PAGE 269) 

MALL TENANT SPACE 
SEPARATIONS 
DWELLING AND SLEEPING 
UNIT SEPARATIONS 

OTHER NONBEARING 
PARTITIONS 



O 

I-l 

H! 



H! 

U 



Q 

H! 
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U 

I-l 

U 
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CONSTRUCTION TYPES 



NATIONAL BUILDING 
CODE OF CANADA 

This section summarizes the fire- 
resistance rating and construc- 
tion requirements for Construc- 
tion Types in the National Building 
Code of Canada. Once you have 
determined an appropriate Con- 
struction Type for a project, based 
on the height and area tables on 
pages 444-471, use this section to 
relate this information to systems 
of construction. The table on these 
two facing pages consolidates 



and simplifies the fire-resistance 
requirements for each Construc- 
tion Type. The pages following this 
chart define each Construction 
Type in terms of specific structural 
systems, materials, and minimum 
thicknesses of components neces- 
sary to meet the required minimum 
fire-resistance rating. The values in 
the table below may be modified 
as follows: 

■ Loadbearing Columns, Walls, 
and Arches: In general, loadbear- 
ing elements must have a fire-resis- 
tance rating not less than that of the 



floor, mezzanine, or roof supported 
by those elements. Where such 
floors, mezzanines, or roofs are re- 
quired to be noncombustible, the 
supporting elements must be non- 
combustible as well. 

■ Exterior Bearing Walls: In addi- 
tion to the requirements indicated 
in the table on these two facing 
pages, see also the discussion of 
fire-resistance requirements for ex- 
terior walls, page 374, for informa- 
tion regarding protection of exteri- 
or walls in close proximity to other 
buildings. 
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Noncoihbustible 


CONSTRUCTION TYPE 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Vi-Hour 
(page 381) 


Unprotected 
(page 382) 


LOADBEARING COLUMNS, 
WALLS, AND ARCHES 


Not less than that required for the floor, mezzanine, or roof supported 


FLOOR CONSTRUCTION 


2 


2 


1 


0 


MEZZANINES 


1 


1 


0 


0 


ROOF CONSTRUCTION 


0 


0-1 


0 


0 


PARTY WALLS AND FIREWALLS 


2-4 


2-4 


2-4 


2-4 


EXIT STAIR, EXIT PASSAGEWAY, 
AND SHAFT ENCLOSURES 


2 


2 


2-hr connecting 4 stories or more 
1-hr connecting less than 4 stories 


EXIT ACCESS CORRIDORS 
(PAGE 269) 


0-1 


0-1 


0-1 


0-1 


COMMERCIAL TENANT 
SEPARATIONS 


0-1 


0-1 


0-1 


0-1 


DWELLING UNIT AND 
GUEST ROOM SEPARATIONS 


1% 


P/4 


P/4 


P/4 


OTHER NONBEARING PARTITIONS 




0 (noncombustible) 






CONSTRUCTION TYPES 



■ Heavy Timber Construction: 

Heavy Timber Construction is an ac- 
ceptable substitute for any building 
where !4-Hour or Unprotected Com- 
bustible Construction is permitted. 

■ Roofs: In all Construction Types, 
roof assemblies may remain unpro- 
tected when the building is fully 
sprinklered. When the building is 
not sprinklered, roofs must be con- 
structed to the same level of fire 
resistance required for floors. Ad- 
ditionally, any occupied roof must 
be constructed to the same level of 
fire resistance as a floor. 



■ Long-Span Roofs: Long-span 
roofs over arenas, sports facilities, 
and other such spaces are not re- 
quired to have a fire-resistance rat- 
ing when not less than 6 m (20 ft) 
above the floor and supporting nor- 
mal roof loads only. 

■ Heavy Timber Roofs: Heavy 
Timber Roof Construction is per- 
mitted in fully sprinklered build- 
ings up to two stories in height, of 
any Construction Type and any 
area. 

■ Corridor Enclosures: For more 
information on enclosure require- 



ments for exits and corridors, see 
pages 269 and 275. 

■ Substitution of Higher-Rated 
Construction Types: Height and 
area limits define minimum levels 
of fire protection but do not pre- 
clude the use of more fire-resistant 
systems. For example, where the 
building code permits a building of 
Unprotected Combustible Construc- 
tion, any other Construction Type is 
also permitted. Where 1-Hour Com- 
bustible Construction is required, 
1-Hour or greater Noncombustible 
Construction is also permitted. 



Combustible 




Heavy Timber 
(page 382) 


1-Hour 
( page 384) 


y4-Hour 
(page 384) 


Unprotected 
(page 384) 


CONSTRUCTION TYPE 


Heavy Timber 


Not less than that required for the floor, mezzanine, or roof 
supported 


LOADBEARING COLUMNS, WALLS, 
AND ARCHES 


Heavy Timber 


1 


"X 


0 


FLOOR CONSTRUCTION 


Heavy Timber 


1 


o-x 


0 


MEZZANINES 


Heavy Timber 


0-1 


o-v> 


0 


ROOF CONSTRUCTION 


2-4 


2-4 


2-4 


2-4 


PARTY WALLS AND FIREWALLS 




2-hr connecting 4 stories or more 




EXIT STAIR, EXIT PASSAGEWAY, 
AND SHAFT ENCLOSURES 


0-1 


0-1 


0-1 


0-1 


EXIT ACCESS CORRIDORS 
(PAGE 269) 


0-1 


0-1 


0-1 


0-1 


COMMERCIAL TENANT 
SEPARATIONS 


F/4 


P/4 


P/4 


P/4 


DWELLING UNIT AND GUEST 
ROOM SEPARATIONS 


0 


0 


0 


0 


OTHER NONBEARING 
PARTITIONS 



o 
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CONSTRUCTION TYPES 



3-HOUR 

NONCOMBUSTIBLE 

CONSTRUCTION 

3-Hour Noncombustible Construc- 
tion requires a fire-resistance rat- 
ing of 3 hours for columns and 
bearing walls and 2 hours for floor 
construction. 

■ Structural Steel columns, beams, 
joists, and decking must be pro- 
tected to these values with applied 
fireproofing materials or an appro- 
priately fire-resistive ceiling of plas- 
ter, gypsum board, or fibrous panels 
(see pages 96-106). 

■ Light Gauge Steel wall fram- 
ing can be assumed to achieve a 
3-hour fire-resistance rating with 
the application of three layers of ‘/4- 
in. (13-mm) Type X Gypsum wall- 
board to both sides of the framing. 
Floor framing can achieve a 2-hour 
rating with two layers of !^-in. (16- 
mm) Type X Gypsum wallboard ap- 
plied to the underside of framing 
supporting a concrete deck (see 
pages 92-95). 

■ Reinforced Concrete columns 
must be at least 12 in. (300 mm) in 
dimension, and loadbearing walls 
must be at least 6 in. (150 mm) thick. 
Floor slabs must be at least 5 in. 
(125 mm) thick. Concrete one-way 
and two-way joist systems (ribbed 
slabs and waffle slabs) with slabs 
thinner than 5 in. (125 mm) be- 
tween joists require protection with 
applied fireproofing materials or 
an appropriately fire-resistive ceil- 
ing of plaster, gypsum board, or fi- 
brous panels (see pages 107-123). 

■ Posttensioned Concrete floor 
slabs must be at least 5 in. (125 mm) 
thick (see pages 1 14-123). 

2gQ ■ Precast Concrete columns must 

be at least 1 2 in. (300 mm) in dimen- 
sion, and beams must be at least 7 
in. (175 mm) wide. Loadbearing 
wall panels must be at least 6 (150 
mm) thick. Solid slabs may not be 
less than 5 in. (125 mm) thick. Hol- 



low core slabs must be at least 8 in. 
(200 mm) deep and may be used 
without a topping. Double and sin- 
gle tees require applied fireproof- 
ing materials or an appropriately 
fire-resistive ceiling of plaster, gyp- 
sum board, or fibrous panels, un- 
less a concrete topping 3.25 in. (85 
mm) thick is poured (see pages 
125-135). 

■ Brick Masonry loadbearing 
walls must be at least 6 in. (150 
mm) thick. Vaults and domes must 
be at least 8 in. (200 mm) deep, with 
a rise not less than one-twelfth the 
span (see pages 80-85). 

■ Concrete Masonry columns 
must be at least 12 in. (300 mm) in 
dimension, and loadbearing walls 
must be at least 8 in. (200 mm) thick. 
Depending on the composition and 
design of the masonry unit, applied 
plaster or stucco facings may also 
be required (see pages 86-90). 

Fire-resistive requirements for non- 
loadbearing walls and partitions are 
summarized on pages 376-379. 



2-HOUR 

NONCOMBUSTIBLE 

CONSTRUCTION 

Two-Hour Noncombustible Con- 
struction requires a fire-resistance 
rating of 2 hours for columns, bear- 
ing walls, and floor construction. 

■ Structural Steel columns, beams, 
joists, and decking must be pro- 
tected to these values with applied 
fireproofing materials or an appro- 
priately fire-resistive ceiling of plas- 
ter, gypsum board, or fibrous panels 
(see pages 96-106). 

■ Light Gauge Steel framing can 
be assumed to achieve a 2-hour 
fire-resistance rating with the ap- 
plication of two layers of “/a-in. (16- 
mm) Type X Gypsum wallboard 
to both sides of wall framing or to 
the underside of floor framing sup- 
porting a concrete deck (see pages 
92-95). 



■ Reinforced Concrete columns 
must be at least 10 in. (250 mm) in 
dimension, and loadbearing walls 
must be at least 5 in. (125 mm) thick. 
Floor slabs must be at least 5 in. 
(125 mm) thick. Concrete one-way 
and two-way joist systems (ribbed 
slabs and waffle slabs) with slabs 
thinner than 5 in. (125 mm) be- 
tween joists require protection with 
applied fireproofing materials or 
an appropriately fire-resistive ceil- 
ing of plaster, gypsum board, or fi- 
brous panels (see pages 107-123). 

■ Posttensioned Concrete floor 
slabs must be at least 5 in. (125 mm) 
thick (see pages 1 14-123). 

■ Precast Concrete columns must 
be at least 10 in. (250 mm) in dimen- 
sion, and beams must be at least 7 
in. ( 1 75 mm) wide. Loadbearing wall 
panels must be at least 5 in. (120 
mm) thick. Solid slabs may not be 
less than 5 in. (120 mm) thick. Hol- 
low core slabs must be at least 8 in. 
(200 mm) deep and may be used 
without a topping. Double and sin- 
gle tees require applied fireproof- 
ing materials or an appropriately 
fire-resistive ceiling of plaster, gyp- 
sum board, or fibrous panels, unless 
a concrete topping 3.25 in. (85 mm) 
thick is poured (see pages 125-1 35) . 

■ Brick Masonry loadbearing col- 
umns must be at least 12 in. (300 
mm) in dimension, and walls must 
be at least 6 in. (150 mm) thick. 
Vaults and domes must be at least 
8 in. (200 mm) deep, with a rise not 
less than one-twelfth the span (see 
pages 80-85). 

■ Concrete Masonry columns 
must be at least 10 in. (250 mm) in 
dimension, and loadbearing walls 
must be at least 8 in. (200 mm) thick. 
Depending on the composition and 
design of the masonry unit, applied 
plaster or stucco facings may also 
be required (see pages 86-90). 
Fire-resistive requirements for non- 
loadbearing walls and partitions are 
summarized on pages 376-379. 
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l-HOUR 

NONCOMBUSTIBLE 

CONSTRUCTION 

One-Hour Noncombustible Con- 
struction requires a fire-resistance 
rating of 1 hour for columns, bear- 
ing walls, and floor construction. 

■ Structural Steel columns, beams, 
joists, and decking must be protect- 
ed to these values with applied fire- 
proofing materials or an appropri- 
ately fire-resistive ceiling of plaster, 
gypsum board, or fibrous panels 
(see pages 96-106). 

■ Light Gauge Steel framing can be 
assumed to achieve a 1-hour fire-re- 
sistance rating with the application 
of one layer of Vs-m. ( 1 6-mm) Type X 
Gypsum wallboard to both sides of 
wall framing or to the underside of 
floor framing supporting a concrete 
deck (see pages 92-95). 

■ Reinforced Concrete columns 
must be at least 8 in. (200 mm) in 
dimension, and loadbearing walls 
must be at least 4 in. ( 1 00 mm) thick. 
Floor slabs must be at least 3.5 in. 
(90 mm) thick. Concrete one-way 
and two-way joist systems (ribbed 
slabs, skip-joist slabs, and waffle 
slabs) require protection with ap- 
plied fireproofing materials or an 



appropriately fire-resistive ceiling 
of plaster, gypsum board, or acous- 
tical panels unless the slab thick- 
ness is at least 3.5 in. (90 mm) be- 
tween joists (seepages 107-123). 

■ Posttensioned Concrete floor 
slabs must be at least 3.5 in. (90 
mm) thick (see pages 1 14-123). 

■ Precast Concrete columns must 
be at least 10 in. (250 mm) in dimen- 
sion, and beams must be at least 4 
in. (100 mm) wide. Loadbearing 
wall panels must be at least 3.5 in. 
(90 mm) thick. Solid slabs may not 
be less than 3.5 in. (90 mm) thick. 
Hollow core slabs must be at least 
8 in. (200 mm) deep and may be 
used without a topping. Double and 
single tees require applied fire- 
proofing materials or an appropri- 
ately fire-resistive ceiling of plaster, 
gypsum board, or acoustical panels 
unless a concrete topping 1.75 in. 
(45 mm) thick is poured (see pages 
125-135). 

■ Brick Masonry columns must 
be at least 8 in. (200 mm) in dimen- 
sion, and loadbearing walls must 
be at least 6 in. (150 mm) thick. 
Vaults and domes must be at least 
4 in. (100 mm) deep, with a rise not 
less than one-twelfth the span (see 
pages 80-85). 



■ Concrete Masonry columns 
must be at least 8 in. (200 mm) in 
dimension, and loadbearing walls 
must be at least 8 in. (200 mm) thick. 
Depending on the composition and 
design of the masonry unit, applied 
plaster or stucco facings may also 
be required (see pages 86-90). 

Fire-resistive requirements for non- 
loadbearing walls and partitions are 
summarized on pages 376-379. 



y4-HOUR 

NONCOMBUSTIBLE 

CONSTRUCTION 

Three-Quarter-Hour Noncombus- 
tible Construction requires a fire- 
resistance rating of 45 minutes for 
columns, bearing walls, and floors. 
This Construction Type is unique to 
the National Building Code of Cana- 
da. In practice, it is most commonly 
applied to lightweight steel fram- 
ing systems. For preliminary design 
purposes, the information provided 
on this page for 1-Hour Noncombus- 
tible Construction may be used to 
achieve this system’s required levels 
of fire resistance. 
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UNPROTECTED 

NONCOMBUSTIBLE 

CONSTRUCTION 

Unprotected Noncombustible 
Construction has no fire-resistive 
requirements for its structural ele- 
ments other than that they be of 
noncombustible materials. Struc- 
tural elements may be sized solely 
on the basis of structural require- 
ments, without the need for applied 
fireproofing materials. 

■ For Structural Steel, see pages 
96-106. 

■ For Light Gauge Steel Framing, 

see pages 92-95. 

■ For Reinforced Concrete, see 

pages 107-123. 

■ For Posttensioned Concrete, see 

pages 1 14-123. 

■ For Precast Concrete, see pages 
125-135. 

■ For Brick and Concrete Mason- 
ry, see pages 79-90. 

Fire-resistive requirements for 
nonloadbearing walls and parti- 
tions are summarized on pages 
376-379. 



ORDINARY 

CONSTRUCTION 

Ordinary Construction is a system 
with historical roots in early indus- 
trial era fire-resistant construction 
methods. It consists of noncom- 
bustible exterior walls and a Wood 
Light Frame interior structure. 

Exterior Walls must be non- 
combustible, with a fire-resistance 
rating of not less than 2 hours: 

■ For Structural Steel, see pages 
96-106. 

■ For Light Gauge Steel Framing, 

see pages 92-105. 



■ For Reinforced Concrete, see 

pages 107-123. 

■ For Posttensioned Concrete, see 

pages 114-123. 

■ For Precast Concrete, see pages 
125-135. 

■ For Brick and Concrete Mason- 
ry, see pages 79-90. 

Interior Framing members of 
wood must meet the requirements 
listed on the following pages for 
Wood Light Frame Construction. For 
1-Hour Ordinary Construction, use 
the requirements for 1-Hour Wood 
Light Frame Construction; for Unpro- 
tected Ordinary Construction, use 
the requirements for Unprotected 
Wood Light Frame Construction. 



HEAVY TIMBER 
CONSTRUCTION AND 
MILL CONSTRUCTION 

This system depends for its fire- 
resistant properties on wood mem- 
bers of sufficient thickness that 
they are slow to catch fire and burn. 
Either solid wood or glue-laminat- 
ed members may be used. 

International Building 
Code 

The International Building Code 
refers to this construction system 
as Type IV Heavy Timber Con- 
struction. Exterior walls must be 
of noncombustible materials with 
not less than a 2-hour fire-resis- 
tance rating. Interior wood mem- 
bers must meet the minimum size 
requirements described below. In 
this text, the combination of heavy 
timber interior structure and rated 
noncombustible exterior walls is 
referred to as Mill Construction, a 
name deriving from this system’s 
origins in early industrial era fire- 
resistant construction methods. 



For noncombustible exterior 
wall construction, refer to the fol- 
lowing: 

■ For Structural Steel, see pages 
96-103. 

■ For Light Gauge Steel Framing, 

see pages 92-95. 

■ For Reinforced Concrete, see 

pages 107-123. 

■ For Posttensioned Concrete, see 

pages 114-123. 

■ For Precast Concrete, see pages 
125-135. 

■ For Brick and Concrete Masonry, 
see pages 79-90. 

National Building Code of 
Canada 

In the National Building Code of 
Canada, buildings of Heavy Tim- 
ber Construction must meet the 
minimum size requirements for 
wood members described below. 
Unlike the International Building 
Code, this code places no restric- 
tion on the combustibility of exte- 
rior walls. 

In this model code. Heavy Tim- 
ber Construction is an acceptable 
substitute for any building where 
M-Hour or less Combustible Con- 
struction is permitted. In addition, 
in fully sprinklered one- and two- 
story buildings, heavy timber roofs 
and their supports are permitted 
with any Construction Type. 

Minimum Dimensions for 
Wood Members 

Use the following minimum dimen- 
sions for wood members for the 
preliminary design of Heavy Tim- 
ber and Mill Construction build- 
ings in either code: 

■ Solid Wood Columns: In both 
model codes, solid wood columns 
supporting floor loads must be at 
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least 8 X 8 in nominal dimensions 
(7‘/2 X 7/4 in. or 191 X 191 mm ac- 
tual size). Columns supporting roof 
loads only must be not less than 
nominal 6X8 (5'A X 7/4 in. or 140 
X 191 mm). 

■ Glue-Laminated Wood Col- 
umns: In the International Build- 
ing Code, glue-laminated wood 
columns supporting floor loads 
must be at least 6^/4 X 8 A in. (171 
X 210 mm) actual size, and sup- 
porting roof loads only must be at 
least 5 X 8/4 in. (127 X 210 mm). 
In the National Building Code of 
Canada, columns supporting floors 
and roofs must be at least 175 X 190 
mm (6Vb X 7/4 in.) actual size, and 
supporting roofs only, at least 130 X 
190 mm (5‘/4 X 7‘/4 in.). 

■ SolidWood Beams and Girders: 

In both model codes, solid wood 
beams and girders supporting 
floor loads must be at least 6X10 
nominal dimensions (514 X 914 in. 
or 140 X 241 mm actual size), and 
supporting roof loads only must 
be at least nominal 4X6 (314 X 514 
in. or 89 X 140 mm). The National 
Building Code of Canada also per- 
mits solid wood beams and gird- 
ers supporting floors and roofs to 
have a minimum actual size of 1 9 1 
X 191 mm (714 X 714 in.). In some 
circumstances, the International 
Building Code permits solid wood 
members supporting roof loads 
only to be as small as nominal 3 in. 
(214 in. or 64 mm actual size) wide; 
see the code for details. 

■ Glue-Laminated Wood Beams 
and Girders: In the International 
Building Code, glue-laminated 
wood beams and girders support- 
ing floor loads must be at least 5 
X 1014 in. (127 X 267 mm) actual 
size, and supporting roof loads only 
must be at least 3 X 614 in. (76 X 175 



mm). In the National Building Code 
of Canada, such beams and girders 
supporting floors and roofs must be 
not less than 130 X 228 mm (514 X 9 
in.) or 175 X 190 mm (614 X 714 in.) 
actual size, and supporting roofs 
only must be at least 80 X 152 mm 
(314 X 6 in.). 

■ Trusses Made of Solid Wood 
Members: In the International 
Building Code, trusses supporting 
floor loads must be made of solid 
wood members no smaller than 8 X 
8 nominal dimensions (714 X 714 in. 
or 191 X 191 mm actual size). Roof 
trusses must be made of members 
no smaller than nominal 4X6 (314 
X 514 in. or 89 X 140 mm). When 
trusses are composed of paired 
solid wood members and the space 
between members is blocked or 
covered, individual members may 
be as little as nominal 3 in. (214 in. 
or 64 mm actual size) wide. In the 
National Building Code of Canada, 
minimum sizes for truss members 
made of solid wood are the same as 
those required in that code for solid 
wood beams and girders. 

■ Trusses Made of Glue-Lami- 
nated Wood Members: In the In- 
ternational Building Code, trusses 
supporting floor loads must be 
made of glue-laminated wood 
members no smaller than 614 X 814 
in. (171 X 210 mm) actual size. Roof 
trusses must be made of glue-lam- 
inated wood members no smaller 
than 3 X 614 in. (76 X 175 mm). In 
the National Building Code of Can- 
ada, minimum sizes for truss mem- 
bers made of glue-laminated wood 
are the same as those required in 
that code for glue-laminated wood 
beams and girders. 

■ Glue-Laminated Wood Arches: 

In the International Building Code, 
glue-laminated wood arches sup- 



porting floor loads must be no 
smaller than 614 X 814 in. (171 X 210 
mm) actual size. Arches supporting 
roof loads only and springing from 
the floor level must be no smaller 
than 5 X 814 in. (127 X 210 mm) for 
the lower half and no smaller than 

5 X 6 in. (127 X 152 mm) for the 
upper half. Arches supporting roof 
loads only and springing from the 
tops of walls must be not less than 
3 X 614 in. (76 X 175 mm). In the 
National Building Code of Canada, 
minimum sizes for glue-laminated 
arches supporting floor loads are 
the same as those required in that 
code for glue-laminated wood 
beams and girders. Arches sup- 
porting roof loads only and spring- 
ing from the floor level must be no 
smaller than 130 X 152 mm (5/4 X 

6 in.) actual size, and when spring- 
ing from the tops of walls, they 
must be no smaller than 80 X 152 
mm (314 X 6 in.). 

■ Floors and Roof Decks: In 

both model codes, wood floors 
must consist of not less than 3 
in. nominal dimension (214 in. or 
64 mm actual size) solid or glue- 
laminated wood structural deck- 
ing. The decking must be overlaid 
with either finish wood flooring 
not less than nominal 1 in. (14 in. or 
19 mm) thick or plywood or other 
wood panels not less than 14 in. 
(13 mm) thick. Wood roofs must 
consist of solid or glue-laminated 
wood structural decking not less 
than nominal 2 in. ( 1 14 in. or 38 mm 
actual size), or of 114-in. (28 mm) 
structural wood panels. 

See pages 66-77 for structural 
information on the wood members 
in Heavy Timber and Mill Con- 
struction. 



o 

l-l 

H! 



H! 

U 



Q 

H! 

S 

U 

i-i 

U 

s 



383 




CONSTRUCTION TYPES 



1 -HOUR WOOD LIGHT 

FRAME/COMBUSTIBLE 

CONSTRUCTION 

Floors, walls, and roofs of Wood 
Light Frame/Combustible Con- 
struction are framed with wood 
members not less than 2 in. in 
nominal thickness (actually I'A in., 
or 38 mm). These members are 
usually spaced at center-to-center 
distances of either 1 6 or 24 in. (400 
or 600 mm) and covered with any 
of a variety of sheathing and finish 
materials. 

In 1-Hour Wood Light Frame/ 
Combustible Construction, load- 
bearing walls and floors must have 
1-hour fire-resistance ratings. 

■ Wood Light Framing can be as- 
sumed to achieve a 1-hour fire-re- 
sistance rating with the application 
of one layer of %-in. (16-mm) Type 
X Gypsum wallboard to both sides 



of wall framing, or to the underside 
of floor framing supporting wood or 
concrete decks (see pages 58-65). 

Any noncombustible construc- 
tion type with a 1-hour or greater 
fire-resistance rating is also per- 
mitted. 



y4-HOURWOOD LIGHT 

FRAME/COMBUSTIBLE 

CONSTRUCTION 

y-Hour Combustible Construc- 
tion, unique to the National Build- 
ing Code of Canada, requires a 
fire-resistance rating of 45 minutes 
for combustible floors, columns, 
and bearing walls. For preliminary 
design purposes, the information 
provided on this page for 1-Hour 
Wood Light Frame/Combusti- 
ble Construction may be used to 
achieve this system’s required lev- 



els of fire resistance. This code also 
permits Heavy Timber Construc- 
tion (pages 382-383) as a substi- 
tute wherever !4-Hour Combustible 
Construction is required. 

Any noncombustible construc- 
tion type with a %-hour or greater 
fire-resistance rating is also per- 
mitted. 



UNPROTECTED 
WOOD LIGHT FRAME/ 
COMBUSTIBLE 
CONSTRUCTION 

Unprotected Wood Light Frame/ 
Combustible Construction permits 
construction with any materials, 
both combustible and noncom- 
bustible, without any added fire 
protection. It is most commonly 
used with Wood Light Framing (see 
pages 58-65). 
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2 

HEIGHT 

AND 

AREA 

TABLES 



This chapter allows you to determine the 
allowable height and area for your building 
design, depending on the applicable model 
building code, Occupancies within your 
building, and the selected Construction Type. 



International Building Code 386 
National Building Code of Canada 442 
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HOWTO USE THE 
TABLES OF HEIGHT AND 
AREA LIMITATIONS FOR 
THE INTERNATIONAL 
BUILDING CODE 



1. Be sure you are consulting the 
tables for the proper building code. 
If you are not sure which code you 
are working under, see pages 5-6 
and 13. 

2. The Occupancy classification is* 
given at the upper left-hand corner 
of the table. If you are not sure about 
the Occupancy into which your 
building falls, consult the indexes 
on pages 15-17. 

3. Noncombustible Construction 
Types are tabulated on the left- 
hand page. Combustible Construc- 
tion Types on the right-hand page. 

4. Each pair of columns represents 
one Construction Type. For specific 
information on the different materi- 
als and modes of construction that 
conform to that Construction Type, 
follow the page reference given 
here. 

5. For each Construction Type, the 
paired columns tabulate height and 
area information for both buildings 
fully sprinklered throughout (Spr) 
and buildings unsprinklered or 
only partially sprinklered (Unspr). 

6. The significance of the floor area 
numbers in the chart, which varies 
from one model code to another, 
is explained at the lower left-hand 
corner. 
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OCCUPANCY B; BUSINESS 
Sprinklers 

In addition to the requirements indi- 
cated in the table on these two 
facing pages, a sprinkler system 



For an explanation of fire areas 
and additional building code sprin- 
kler requirements, see page 374. 

Unlimited Area Buildings 

Fully sprinklered one- or two-story 
B Occupancy buildings may be of 
unlimited area when: 

grounded on 
open space 
(12.2 to 18.3 
g on the fire- 
the exterior 
)r details.) 



included in 
rovided that 




their area does not exceed the area 
permitted for a one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess front- 
age = 20% total area increase 



l-Hour 
(page 381) 



Unprotected 
(page 382) 



Spr 


Unspr 


Spr 


Unspr 


85' b 


65' 


75' 


55’ 


337,500 C 








337,500 


112,500 






337,500 


112,500 


207,000 




337,500 


112,500 


207,000 


69,000 


225,000 


75,000 


138,000 


46,000 


150,000 


37,500 


92,000 


23,000 


112,500 


37,500 


69,000 


23,000 



SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



' Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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7. As an example of the use of 
this chart, a sprinklered build- 
ing of Occupancy B, 1-Hour Non- 
combustible Construction, under 
the International Building Code, 
may be no more than (see shaded 
areas on chart): 

a. six stories, or 

b. 85 ft tall, whichever is less, 

c. with a total floor area (on all floors) 
no larger than 337,500 sq ft. 

8. As another example, if we wish 
to construct a four-story unsprin- 
klered building with 27,500 sq 
ft per floor, or 110,000 sq ft total 
area, we must use 1-Hour Noncom- 
bustible Construction as a mini- 
mum. Looking to the right along the 
same row of the chart, we see that, 
with the addition of sprinklers, we 
could also use any lower construc- 
tion type except Unprotected Wood 
Light Frame Construction. We also 
note that by slightly reducing the 
total building area to 108,000 sq 
ft, unsprinklered Mill Construction 
would be permitted (see the shad- 
ed areas on the chart). By following 
the page references at the heads 
of these columns, we can deter- 
mine exactly what each of these 
Construction Types is and proceed 
to preliminary configuration and 
sizing of the structural system we 
select. 

The reference tables appearing on the fol- 
lowing pages are for preliminary purposes 
only. They represent the authors’ interpre- 
tation of certain major provisions of the 
International Building Code. No official 
interpretation has been sought from or 
granted by the International Code Council. 
For design development work and final 
preparation of building plans, you must 
consult the building codes and regulations 
in effect in your project's locale. 
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OCCUPANCY A-1: 
ASSEMBLY, THEATERS 

Sprinklers 

In addition to the requirements indi- 
cated in the table on these two facing 
pages, a sprinkler system is required 
for A-1 Occupancy fire areas meet- 
ing any of the following conditions: 

■ When not located on the level of 
exit discharge 

■ Exceeding 12,000 sq ft (1 1 15 m^) 
in area 

■ With an occupant load of 300 or 
more 

■ Containing multitheater com- 
plexes 

Where required, sprinklers must 
be provided throughout the floors on 
which the fire area occurs. When the 



fire area is not on the level of exit dis- 
charge, sprinklers are also required 
on all floors between it and the exit 
level, and on the exit level itself. 

For an explanation of fire areas 
and additional building code sprin- 
kler requirements, see page 374. 

Unlimited Area Buildings 

Fully sprinklered one-story motion 
picture theater buildings may be of 
unlimited area when all of the fol- 
lowing conditions are met: 

■ The Construction Type is non- 
combustible. 

■ The building is surrounded on all 
sides by streets or open space not 
less than 40 to 60 ft (12.2 to 18.3 m) 
in width, depending on the fire-re- 
sistance rating of the exterior walls. 
(See the code for details.) 



Fully sprinklered one-story mixed- 
occupancy buildings including A-1 
Occupancies may be of unlimited 
area when all of the following con- 
ditions are met: 

■ The Construction Type is other 
than Wood Light Frame. 

■ The A-1 Occupancies are sepa- 
rated from other occupancies as re- 
quired for Separated Occupancies 
(see page 368). 

■ The A-1 Occupancy areas do not 
themselves exceed the area limits in 
the chart on these two facing pages. 

■ All exits from A-1 Occupancy ar- 
eas discharge directly to the build- 
ing's exterior. 

■ The building is surrounded on all 
sides by streets or open space not 
less than 40 to 60 ft (12.2 to 18.3 m) 
in width, depending on the fire- 
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CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



UH 

12 

11 

10 

9 

HEIGHT IN STORIES 8 
ABOVE GRADE AND ^ 

MAXIMUM AREA IN 
SO FT FOR ALL 6 

FLOORS 5 

4 

3 

2 

1 

MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



Noncomhustible 




3-Hour 


2-Hour 


1-Hour 


Unprotected 




(page 380) 


(page 380) 


(page 381) 


(page 382) 




Type I-A 


Type I-B 


Type II-A 


Type II-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UH 


75' 


180' 


75' 


85' 


65' 


75' 


55' 




UA 


UA 




















UA 




















UA 




















139,500 


















139,500 


46,500 


76,500 














93,000 


31,000 


51,000 


17,000 












62,000 


15,500 


34,000 


8,500 




UA 


UA 


UA 


UA 


46,500 


15,500 


25,500 


8,500 





Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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resistance rating of the exterior 
walls. (See the code for details.) 

Basement Area 

Basements are not included in area 
calculations, provided that their 
area does not exceed the area per- 
mitted for a one-story building. 

Excess Frontage 

If more than 25% of the building 
perimeter fronts on a street or open 
space at least 20 ft (6. 1 m) wide that 
is accessible to firefighting vehicles, 
the tabulated area limitations below 
may be increased according to the 
adjacent table. For example, for a 
building with half of its perimeter 
accessible to firefighting equipment 
via a space not less than 24 ft (7.3 m) 
wide, the allowable area increase is: 
0.80 increase X 25% excess 
frontage = 20% total area increase 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 339 

IN SQ FT FOR ANY 

SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 

does not represent an official interpretation by the organization that issues this code. 




Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9.1 m) or wider 


1.00 



^Intermediate values may be interpo- 



Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 



Further Information 

For information on Occupancy 
classifications, see page 6. For 
information on mixed-use build- 
ings, see page 368. For informa- 
tion on which code to consult, see 
pages 5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 
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OCCUPANCY A-2: 
ASSEMBLY, FOOD AND 
DRINK ESTABLISHMENTS 

Sprinklers 

In addition to the requirements indi- 
cated in the table on these two facing 
pages, a sprinkler system is required 
for A-2 Occupancy fire areas meet- 
ing any of the following conditions: 

■ When not located on the level of 
exit discharge 

■ Exceeding 5000 sq ft (465 m^) in 
area 

■ With an occupant load of 100 or 
more 

Where required, sprinklers must 
be provided throughout the floors on 
which the fire area occurs. When the 



fire area is not on the level of exit dis- 
charge, sprinklers are also required 
on all floors between it and the exit 
level, and on the exit level itself. 

For an explanation of fire areas 
and additional building code sprin- 
kler requirements, see page 374. 

Unlimited Area Buildings 

Fully sprinklered one-story mixed- 
occupancy buildings including A-2 
Occupancies may be of unlimited 
area when all of the following con- 
ditions are met: 

■ The Construction Type is other 
than Wood Light Frame. 

■ The A-2 Occupancies are sepa- 
rated from other occupancies as re- 
quired for Separated Occupancies 
(see page 368). 



■ The A-2 Occupancy areas do not 
themselves exceed the area lim- 
its in the chart on these two facing 
pages. 

■ All exits from A-2 Occupancy ar- 
eas discharge directly to the build- 
ing's exterior. 

■ The building is surrounded on all 
sides by streets or open space not 
less than 40 to 60 ft (12.2 to 18.3 m) 
in width, depending on the fire-re- 
sistance rating of the exterior walls. 
(See the code for details.) 

Basement Area 

Basements are not included in 
area calculations, provided that 
their area does not exceed the 
area permitted for a one-story 
building. 



OCCUPANCY A-2: ASSEMBLY, FOOD AND DRINK ESTABLISHMENTS 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 

UH 

12 

11 

10 

9 

HEIGHT IN STORIES 8 
ABOVE GRADE AND j 
MAXIMUM AREA IN 
SQ FT FOR ALL ® 

FLOORS 5 

4 

3 

2 

1 

MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 

1 

1 


NoncomLustible 




3-Hour 
(page 380) 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Unprotected 
(page 382) 




Type I-A 


Type I-B 


Type II-A 


Type II-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UH 


75 ' 


180 ' 


75 ' 


85 ' 


65 ' 


75 ' 


55 ' 




UA 


UA 


UA 1 


UA 


139,500 

139,500 

93.000 

62.000 






10,000 

9,500 




46.500 
31,000 

15.500 


85,500 

57.000 

38.000 


UA 


UA 


UA 


UA 


46,500 


15,500 


28,500 


9,500 




Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

HP Not permitted 
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Excess Frontage 

If more than 25% of the building 
perimeter fronts on a street or open 
space at least 20 ft (6.1 m) wide that 
is accessible to firefighting vehicles, 
the tabulated area limitations below 
may be increased according to the 
adjacent table. For example, for a 
building with half of its perimeter 
accessible to firefighting equipment 
via a space not less than 24 ft (7.3 m) 
wide, the allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9. 1 m) or wider 


1.00 



“Intermediate values may be interpo- 
lated. 



is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 




mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 ft 304.8 mm, 1 sq ft = 0.0929 m^ 




CONSTRUCTION TYPE 
IBC NOMENCLATURE 



MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



391 



This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 
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OCCUPANCY A-3: 

ASSEMBLY, 

MISCELLANEOUS 

Sprinklers 

In addition to the requirements 
indicated in the table on these two 
facing pages, a sprinkler system 
is required for A-3 Occupancy fire 
areas meeting any of the following 
conditions: 

■ When not located on the level of 
exit discharge 

■ Exceeding 12,000 sq ft (1115 m^) 
in area 

■ With an occupant load of 300 or 
more 

Where required, sprinklers must 
be provided throughout the floors on 
which the fire area occurs. When the 



fire area is not on the level of exit dis- 
charge, sprinklers are also required 
on all floors between it and the exit 
level, and on the exit level itself. 

For an explanation of fire areas 
and additional building code sprin- 
kler requirements, see page 374. 

Unlimited Area Buildings 

Fully sprinklered one-story A-3 
Occupancy buildings used for reli- 
gious worship, community halls, 
dance halls, exhibition spaces, 
gymnasiums, lecture halls, or indoor 
swimming pools or tennis courts 
may be of unlimited area when all of 
the following conditions are met: 

■ The Construction Type is non- 
combustible. 

■ There are no stages or platforms 
in the building. 



■ The building is surrounded on 
all sides by streets or open space 
not less than 40 to 60 ft (12.2 to 18.3 
m) in width, depending on the fire- 
resistance rating of the exterior 
walls. (See the code for details.) 

Alternatively, the building may 
be of any Construction Type other 
than Wood Light Frame if, in addi- 
tion to the above conditions, the 
assembly floor is within 2 1 in. (533 
mm) of grade level and all exits are 
provided with ramps rather than 
stairs to reach grade. 

Basement Area 

Basements are not included in 
area calculations, provided that 
their area does not exceed the 
area permitted for a one-story 
building. 
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CONSTRUCTION TYPE 
IBC NOMENCLATURE 



MAXIMUM HEIGHT 
IN FEET 

UH 

12 

11 

10 

9 

HEIGHT IN STORIES 8 
ABOVE GRADE AND j 
MAXIMUM AREA IN 
SQ FT FOR ALL ® 

FLOORS 5 

4 

3 

2 

1 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



NoncomLustible 




3-Hour 


2-Hour 


1-Hour 


Unprotected 




(page 380) 


(page 380) 


(page 381) 


(page 382) 




Type I-A 


Type I-B 


Type II-A 


Type II-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UH 


75' 


180' 


75' 


85' 


65' 


75' 


55' 




UA 


UA 




















UA 




















UA 




















139,500 


















139,500 


46,500 


85,500 














93,000 


31,000 


57,000 


19,000 












62,000 


15,500 


38,000 


9,500 




UA 


UA 


UA 


UA 


49,500 


15,500 


28,500 


9,500 





Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase x 25% excess 
frontage = 20% total area increase 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9. 1 m) or wider 


1.00 



^Intermediate values may be interpo- 
lated. 



is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 

For information on Occupancy clas- 
sifications, see page 6. For informa- 




tion on mixed-use buildings, see 
page 368. For information on which 
code to consult, see pages 5-6 and 
13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 





Comhustible 




Ordinary 






Wood Light Frame 




1-Hour 


Unprotected 


Mill 


1-Hour 


Unprotected 




(page 382) 


(page 382) 


(page 382) 


(page 384) 


(page 384) 




Type III-A 


Type III-B 


Type rV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




85' 


65' 


75' 


55' 


85' 


65' 


70' 


50' 


60' 


40' 




126,000 1 








135,000 1 














126,000 


42,000 


85,500 1 




135,000 


45,000 


103,500 1 










84,000 


28,000 


57,000 


19,000 


90,000 


30,000 


69,000 


23,000 


36,000 1 






56,000 


14,000 


38,000 


9,500 


60,000 


15,000 


46,000 


11,500 


24,000 


6,000 




42,000 


14,000 


28,500 


9,500 


45,000 


15,000 


34,500 


11,500 


18,000 


6,000 



This table was compiled from information contained in the International Building Code 2009. It 
does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



U 

n 

g 

H! 



H! 

Q 



S 

U 

U 

S 
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MAXIMUM AREA 

IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 
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OCCUPANCY A-4: 
ASSEMBLY, INDOOR 
ARENAS 

Sprinklers 

In addition to the requirements 
indicated in the table on these two 
facing pages, a sprinkler system 
is required for A-4 Occupancy fire 
areas meeting any of the following 
conditions: 

■ When not located on the level of 
exit discharge 

■ Exceeding 12,000 sq ft (1115 m^) 
in area 

■ With an occupant load of 300 or 
more 

Where required, sprinklers 
must be provided throughout the 
floors on which the fire area occurs. 



When the fire area is not on the level 
of exit discharge, sprinklers are 
also required on all floors between 
it and the exit level, and on the exit 
level itself. 

For an explanation of fire areas 
and additional sprinkler require- 
ments for portions of buildings 
underground, see page 374. 

Unlimited Area Buildings 

Fully sprinklered one-story A-4 
Occupancy buildings may be of 
unlimited area when all of the fol- 
lowing conditions are met: 

■ The Construction Type is other 
than Light Wood Frame. 

■ The building is surrounded on all 
sides by streets or open space not 
less than 40 to 60 ft (12.2 to 18.3 m) 
in width, depending on the fire-re- 



sistance rating of the exterior walls. 
(See the code for details.) 

Sprinklers need not cover areas 
occupied by indoor sport activities, 
provided that the exit doors for 
those areas lead directly to the 
outside. 

Basement Area 

Basements are not included in area 
calculations, provided that their 
area does not exceed the area per- 
mitted for a one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 






INTERNATIONAL BUILDING CODE 



according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 



mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9.1 m) or wider 


1.00 



^Intermediate values may be interpo- 
lated. 






Comhustible 




Ordinary 






Wood Light Frame 




1-Hour 


Unprotected 


Mill 


1-Hour 


Unprotected 




(page 382) 


(page 382) 


(page 382) 


(page 384) 


(page 384) 




Type III-A 


Type III-B 


Type IV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




85' 


65' 


75' 


55' 


85' 


65' 


70' 


50' 


60' 


40' 




126,000 








135,000 














126,000 


42,000 


85,500 




135,000 


45,000 


103,500 1 










84,000 


28,000 


57,000 


19,000 


90,000 


30,000 


69,000 


23,000 


36,000 1 






56,000 


14,000 


38,000 


9,500 


60,000 


15,000 


46,000 


11,500 


24,000 


6,000 




42,000 


14,000 


28,500 


9,500 


45,000 


15,000 


34,500 


11,500 


18,000 


6,000 



This table was compiled from information contained in the International Building Code 2009. It 
does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



U 

n 

g 

H! 



H! 

Q 



S 

U 

U 

S 



395 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 
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OCCUPANCY A-5: 
ASSEMBLY, OUTDOOR 
ARENAS 

Sprinklers 

For buildings of this type, sprin- 
klers are required for: 

■ Concession stands 

■ Retail areas 

■ Press boxes 

■ Other accessory facilities greater 
than 1000 sq ft (93 m^) in floor area 



For additional building code 
sprinkler requirements, see page 
374. 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 



Further Information 

For information on Occupancy 
classifications, see page 6. For 
information on mixed-use build- 
ings, see page 368. For informa- 
tion on which code to consult, see 
pages 5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^. 



OCCUPANCY A-5: ASSEMBLY, OUTDOOR ARENAS 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 



MAXIMUM HEIGHT 
IN FEET 



12 

11 

10 

9 

HEIGHT IN STORIES 8 
ABOVE GRADE AND ^ 
MAXIMUM AREA IN 
SQ FT FOR ALL 6 

FLOORS 5 

4 

3 

2 

1 

MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 

396 




Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 



UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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Ordinary 



1-Hour 
(page 382) 

Type III-A 



Unprotected 
(page 382) 

Type III-B 



Comliustible 



Mill 

(page 382) 
Type rV-HT 



Wood Light Frame 

1-Hour Unprotected 

(page 384) 384) 



Type V-A 



Type V-B 



Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


85' 


65' 


75' 


55' 


85' 


65' 


70' 


50' 


60' 


40' 


UA 


UA 


UA 


UA 


UA 


UA 


UA 


UA 


UA 


UA 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT ALL FLOORS 



This table was compiled from information contained in the International Building Code 2009. It 
does not represent an official interpretation by the organization that issues this code. 



MAXIMUM AREA 
IN SO FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 
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OCCUPANCY B: BUSINESS 
Sprinklers 

In addition to the requirements indi- 
cated in the table on these two 
facing pages, a sprinkler system 
is required for all B Occupancy 
ambulatory health care facility fire 
areas meeting any of the following 
conditions: 

■ With four or more care recipi- 
ents incapable of self-preserva- 
tion 

■ With one or more care recipients 
incapable of self-preservation lo- 
cated on a floor other than the level 
of exit discharge 



For an explanation of fire areas 
and additional building code sprin- 
kler requirements, see page 374. 

Unlimited Area Buildings 

Fully sprinklered one- or two-story 
B Occupancy buildings may be of 
unlimited area when: 

■ The building is surrounded on 
all sides by streets or open space 
not less than 40 to 60 ft (12.2 to 18.3 
m) in width, depending on the fire- 
resistance rating of the exterior 
walls. (See the code for details.) 

Basement Area 

Basements are not included in 
area calculations, provided that 



their area does not exceed the area 
permitted for a one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 



MAXIMUM HEIGHT 
IN FEET 

UH 
12 
11 
10 
9 

HEIGHT IN STORIES 8 

ABOVE GRADE AND j 

MAXIMUM AREA IN 
SO FT FOR ALL 6 

FLOORS 5 

4 
3 
2 

1 

UA 

Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 



oqo MAXIMUM AREA 
IN SO FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



OCCUPANCY B: BUSINESS 



NoncomLustible 




3-Hour 
(page 380) 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Unprotected 
(page 382) 




Type I-A 


Type I-B 


Type II-A 


Type II-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UH 


75 ' 


180 ' 


75 ' 


85 ' 


65 ' 


75 ' 


55 ' 




UA 


UA 


UA 1 


UA 


337,500 

337,500 

337,500 

337,500 

225.000 

150.000 


112,500 

112,500 

112.500 
75,000 

37.500 


207,000 

207.000 

138.000 

92.000 


69.000 

46.000 

23.000 




UA 


UA 


UA 


UA 


112,500 


37,500 


69,000 


23,000 
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Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 

For information on Occupancy 
classifications, see page 6. For 
information on mixed-use build- 
ings, see page 368. For informa- 
tion on which code to consult, see 
pages 5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20 ' ( 6.1 m ) 


0.67 


22 ' ( 6.7 m ) 


0.73 


24 ' ( 7.3 m ) 


0.80 


26 ' ( 7.9 m ) 


0.87 


28 ' ( 8.5 m ) 


0.93 


30 ' ( 9.1 m ) or wider 


1.00 



^Intermediate values may be interpo- 
lated. 






Gomhustible 




Ordinary 






Wood Light Frame 




1-Hour 


Unprotected 


Mill 


1-Hour 


Unprotected 




(page 382) 


(page 382) 


(page 382) 


(page 384) 


(page 384) 




Type III-A 


Type III-B 


Type IV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




85 ' 


65 ' 


75 ' 


55 ' 


85 ' 


65 ' 


70 ' 


50 ' 


60 ' 


40 ' 




256,500 








324,000 1 














256,500 


85,500 






324,000 


108,000 












256,500 


85,500 


171,000 1 




324,000 


108,000 


162,000 










256,500 


85,500 


171,000 


57,000 


324,000 


108,000 


162,000 


54,000 


81,000 






171,000 


57,000 


114,000 


38,000 


216,000 


72,000 


108,000 


36,000 


54,000 


18,000 




114,000 


28,500 


76,000 


19,000 


144,000 


36,000 


72,000 


18,000 


36,000 


9,000 




85,500 


28,500 


57,000 


19,000 


108,000 


36,000 


54,000 


18,000 


27,000 


9,000 



This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



U 

n 

g 

H! 

H! 

Q 



S 

U 

U 

S 



399 





INTERNATIONAL BUILDING CODE 



400 



OCCUPANCY E: 
EDUCATIONAL 

Sprinklers 

In addition to the requirements 
indicated in the table on these two 
facing pages, a sprinkler system is 
required for all E Occupancy fire 
areas meeting any of the following 
conditions: 

■ Exceeding 12,000 sq ft (1115 m^) 
in area 

■ Located below the level of exit 
discharge (below grade), unless 
every classroom in the building has 
at least one exit door leading di- 
rectly to the exterior at grade 



For an explanation of fire areas 
and additional building code sprin- 
kler requirements, see page 374. 

Unlimited Area Buildings 

Fully sprinklered one-story E Occu- 
pancy buildings may be of unlim- 
ited area when all of the following 
conditions are met: 

■ The Construction Type is Non- 
combustible, 1-Hour Ordinary, or 
Mill. 

■ Each classroom has two inde- 
pendent means of egress, at least 
one of which leads directly to the 
exterior. 

■ The building is surrounded on 
all sides by streets or open space 



not less than 60 ft (12.2 to 18.3 m) 
in width. 

Basement Area 

Basements are not included in area 
calculations, provided that their 
area does not exceed the area per- 
mitted for a one-story building. 

Excess Frontage 

If more than 25% of the building 
perimeter fronts on a street or open 
space at least 20 ft (6.1 m) wide 
that is accessible to firefighting 
vehicles, the tabulated area limi- 
tations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 



OCCUPANCY E: EDUCATIONAL 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



Noncomhustible 




3-Hour 


2-Hour 


1-Hour 


Unprotected 




(page 380) 


(page 380) 


(page 381) 


(page 382) 




Type I-A 


Type I-B 


Type II-A 


Type II-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UH 


75 ' 


180 ' 


75 ' 


85 ' 


65 ' 


75 ' 


55 ' 




UA 


UA 




















UA 




















UA 1 




















238,500 1 


















238,500 


79,500 


130,500 1 














159,000 


53,000 


87,000 


29,000 












106,000 


26,500 


58,000 


14,500 




UA 


UA 


UA 


UA 


79,500 


26,500 


43,500 


14,500 





Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 

For information on Occupancy 
classifications, see page 6. For 
information on mixed-use build- 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9. 1 m) or wider 


1.00 



®Intermediate values may be interpo- 
lated. 



ings, see page 368. For informa- 
tion on which code to consult, see 
pages 5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 






Combustible 




Ordinary 






Wood Light Frame 




1-Hour 


Unprotected 


Mill 


1-Hour 


Unprotected 




(page 382) 


(page 382) 


(page 382) 


(page 384) 


(page 384) 




Type III-A 


Type III-B 


Type rV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




85' 


65' 


75' 


55' 


85' 


65' 


70' 


50' 


60' 


40' 




211,500 1 








229,500 














211,500 


70,500 


130,500 




229,500 


76,500 












141,000 


47,000 


87,000 


29,000 


153,000 


51,000 


111,000 1 




57,000 1 






94,000 


23,500 


58,000 


14,500 


102,000 


25,500 


74,000 


18,500 


9,500 


9,500 




70,500 


23,500 


43,500 


14,500 


76,500 


25,500 


55,500 


18,500 


28,500 


9,500 



This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT ALL FLOORS 



U 

n 

g 

H! 



H! 

Q 



S 

U 

U 

S 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



401 
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402 



OCCUPANCY F-1: 
FACTORY, MODERATE 
HAZARD 

Sprinklers 

In addition to the requirements 
indicated in the table on these two 
facing pages, a sprinkler system is 
required throughout entire build- 
ings meeting any of the following 
conditions: 

■ Containing an F-1 Occupancy fire 
area exceeding 12,000 sq ft (1115 
m2) 

■ Containing an F-1 fire area lo- 
cated four or more stories above 
grade 

■ Containing multiple F-1 fire ar- 
eas, including mezzanines, that in 



total exceed 24,000 sq ft (2230 m^) 
in area 

A sprinkler system is also 
required for all F-1 Occupancy fire 
areas meeting the following condi- 
tion: 

■ Containing woodworking opera- 
tions that generate or utilize finely 
divided combustible waste and ex- 
ceed 2500 sq ft (232 m^) in area 

For an explanation of fire areas 
and additional building code sprin- 
kler requirements, see page 374. 

Unlimited Area Buildings 

Fully sprinklered one- or two-story 
F-1 Occupancy buildings may be of 
unlimited area when: 

■ The building is surrounded on all 
sides by streets or open space not 



less than 40 to 60 ft (12.2 to 18.3 m) 
in width, depending on the fire-re- 
sistance rating of the exterior walls. 
(See the code for details.) 

Basement Area 

Basements are not included in area 
calculations, provided that their 
area does not exceed the area per- 
mitted for a one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 



OCCUPANCY F-1: FACTORY, MODERATE HAZARD 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 

UH 

12 

11 

10 

9 

HEIGHT IN STORIES 8 

ABOVE GRADE AND j 

MAXIMUM AREA IN 
SQ FT FOR ALL 6 

FLOORS 5 

4 

3 

2 

1 

MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 


Noncombustible 




3-Hour 
(page 380) 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Unprotected 
(page 382) 




Type I-A 


Type I-B 


Type II-A 


Type II-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UH 


75' 


180' 


75' 


85' 


65' 


75' 


55' 




UA 




UA 




225,000 

225,000 

225.000 

150.000 

100.000 






31,000 

15,500 




UA 




UA 


75.000 

50.000 

25.000 


139,500 

93.000 

62.000 


UA 


UA 


UA 


UA 


75,000 


25,000 


46,500 


15,500 




Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 

For information on Occupancy clas- 
sifications, see page 6. For informa- 
tion on mixed-use buildings, see 



page 368. For information on which 
code to consult, see pages 5-6 and 
13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9.1 m) or wider 


1.00 



^Intermediate values may be interpo- 
lated. 






Comhustible 




Ordinary 






Wood Light Frame 




1-Hour 


Unprotected 


Mill 


1-Hour 


Unprotected 




(page 382) 


(page 382) 


(page 382) 


(page 384) 


(page 384) 




Type III-A 


Type III-B 


Type IV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




85' 


65' 


75' 


55' 


85' 


65' 


70' 


50' 


60' 


40' 












301,500 














171,000 1 








301,500 














171,000 


57,000 


108,000 




301,500 


100,500 


126,000 1 










114,000 


38,000 


72,000 


24,000 


201,000 


67,000 


84,000 


28,000 


51,000 1 






76,000 


19,000 


48,000 


12,000 


134,000 


33,500 


56,000 


14,000 


34,000 


8,500 




57,000 


19,000 


36,000 


12,000 


100,500 


33,500 


42,000 


14,000 


25,500 





This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



U 

n 

g 

H! 



H! 

Q 



S 

U 

U 

S 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 
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OCCUPANCY F-2: 
FACTORY, LOW HAZARD 

Sprinklers 

Height and area sprinkler require- 
ments for F-2 Occupancies are 
incorporated into the table on 
these two facing pages. For addi- 
tional sprinkler requirements, see 
page 374. 

Unlimited Height and Area 
Buildings 

Unsprinklered one-story F-2 
Occupancy buildings or fully 
sprinklered one- or two-story F-2 



Occupancy buildings may be of 
unlimited area when: 

■ The building is surrounded on all 
sides by streets or open space not 
less than 40 to 60 ft (12.2 to 18.3 m) 
in width, depending on the fire-re- 
sistance rating of the exterior walls. 
(See the code for details.) 

Certain fully sprinklered, 
nonpublic rack storage facilities 
may be of unlimited height and 
area. See the code for more infor- 
mation. 

Basement Area 

Basements are not included in area 
calculations, provided that their 



area does not exceed the area per- 
mitted for a one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 
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CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



OCCUPANCY F-2: FACTORY, LOW-HAZARD 





Noncomliustible 






3-Hour 


2-Hour 


1-Hour 


Unprotected 






(page 380) 


(page 380) 


(page 381) 


(page 382) 






Type I-A 


Type I-B 


Type II-A 


Type II-B 






Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 






UH 


75 ' 


180 ' 


75 ' 


85 ' 


65 ' 


75 ' 


55 ' 




UH 


UA 


UA 1 
















12 






UA 














11 








UA 












10 




















9 




















8 




















7 




















6 










337,500 










5 










337,500 


112,500 1 








4 










337,500 


112,500 


207,000 






3 










337,500 


112,500 


207,000 


69,000 




2 










225,000 


75,000 


138,000 


46,000 




1 










150,000 


37,500 


92,000 


23,000 






UA 


UA 


UA 


UA 


112,500 


37,500 


69,000 


23,000 





Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 



UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 

For information on Occupancy 
classifications, see page 6. For 
information on mixed-use build- 
ings, see page 368. For informa- 
tion on which code to consult, see 
pages 5-6 and 13. 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20 ' ( 6.1 m ) 


0.67 


22 ' ( 6.7 m ) 


0.73 


24 ' ( 7.3 m ) 


0.80 


26 ' ( 7.9 m ) 


0.87 


28 ' ( 8.5 m ) 


0.93 


30 ' ( 9 . 1 m ) or wider 


1.00 



^Intermediate values may be interpo- 
lated. 



Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 






Comhustible 




Ordinary 






Wood Light Frame 




1-Hour 


Unprotected 


Mill 


1-Hour 


Unprotected 




(page 382) 


(page 382) 


(page 382) 


(page 384) 


(page 384) 




Type III-A 


Type III-B 


Type rV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




85 ' 


65 ' 


75 ' 


55 ' 


85 ' 


65 ' 


70 ' 


50 ' 


60 ' 


40 ' 












454,500 














256,500 1 








454,500 


151,500 1 












256,500 


85,500 


162,000 




454,500 


151,500 


189,000 1 










256,500 


85,500 


162,000 


54,000 


454,500 


151,500 


189,000 


63,000 


117,000 1 






171,000 


57,000 


108,000 


36,000 


303,000 


101,000 


126,000 


42,000 


78,000 


26,000 




114,000 


28,500 


72,000 


18,000 


202,000 


50,500 


84,000 


21,000 


52,000 


13,000 




86,500 


28,500 


54,000 


18,000 


151,500 


50,500 


63,000 


21,000 


39,000 


13,000 



This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



U 

n 

g 
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S 

U 

U 

S 
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OCCUPANCY H-1: 

HIGH-HAZARD, 

DETONATION 

Special Requirements 

All H-1 Occupancy buildings must 
be used solely for the H-1 use and 
sprinklered throughout. They may 
not exceed one story in height or 
include basements, crawlspaces, or 
other underfloor areas. They must 
be set back at least 75 ft (23 m) 
from adjacent lots. Depending on 
the quantities and types of hazard- 



ous materials stored, the required 
separation distance from other 
buildings or public ways may be 
even greater. See the code for more 
information. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 



half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20 total area increase 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 
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OCCUPANCY H-1: HIGH-HAZARD, DETONATION 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 

UH 

12 

11 

10 

9 

HEIGHT IN STORIES 8 

ABOVE GRADE AND j 

MAXIMUM AREA IN 
SO FT FOR ALL ® 

FLOORS 5 

4 

3 

2 

1 

MAXIMUM AREA 


NoncomLustible 




3-Hour 
(page 380) 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Unprotected 
(page 382) 




Type I-A 


Type I-B 


Type II-A 


Type II-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UH 




160' 




65' 




55' 








NP 




NP 




NP 




NP 




21,000 


16,500 


11,000 


7,000 




















iJN sy r T t un ajn r 

SINGLE FLOOR OF Each number in the table represents the maximum total area in square feet for all floors for a 

A MULTISTORY building of the indicated story height. 

BUILDING 

Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9.1 m) or wider 


1.00 



^Intermediate values may be interpo- 
lated. 



Further Information 

For information on Occupancy clas- 
sifications, see page 6. For informa- 
tion on mixed-use buildings, see 
page 368. For information on which 
code to consult, see pages 5-6 and 
13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 






Combustible 




Ordinary 


Mill 

(page 382) 


Wood Light Frame 




1-Hour 
(page 382) 


Unprotected 
(page 382) 


1-Hour 
(page 384) 


Unprotected 
(page 384) 




Type III-A 


Type III-B 


Type IV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




65' 




55' 




65' 




50' 












1 NP 




NP 




NP 




NP 


NP 


NP 


9,500 


7,000 


10,500 


7,500 

























This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 
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OCCUPANCY H-2: 
HIGH-HAZARD, 
ACCELERATED BURNING 

Special Requirements 

All H-2 Occupancy buildings must 
be sprinklered throughout and, if 
greater than 1000 sq ft (93 m^) in 
area, set back at least 30 ft (9.1 m) 
from adjacent properties. In mixed- 
occupancy buildings, H-2 Occupan- 
cies must be treated as Separated, 
with 2- to 4-hour fire-resistance 
rated assemblies between the H-2 
and other occupancies involved. 
Accessory and Nonseparated Occu- 
pancy treatments are not permitted 
(see pages 368-370). Certain H-2 



Occupancies of limited area and 
configuration are permitted to be 
included in unlimited area F or S 
Occupancy buildings. 

With greater quantities of haz- 
ardous material stored, greater sep- 
aration distances from other build- 
ings and public ways are required. 
Some H-2 Occupancy buildings are 
restricted solely to the H-2 use, lim- 
ited to one story in height, and not 
permitted to include basements, 
crawlspaces, or other underfloor 
areas. See the code for more infor- 
mation. 

Basement Area 

Basements, where permitted, are 
not included in area calculations. 



provided that their area does not 
exceed the area permitted for a 
one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 



OCCUPANCY H-2: HIGH-HAZARD, ACCELERATED BURNING 
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CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



Noncombustible 




3-Hour 
(page 380) 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Unprotected 
(page 382) 




Type I-A 


Type I-B 


Type II-A 


Type II-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UH 




160' 




65' 




75' 






63,000 

63,000 

63,000 

63,000 

63,000 

63,000 

63,000 

63,000 

63,000 

63,000 

63.000 

42.000 

21.000 


NP 


49.500 
33,000 

16.500 


NP 


22,000 

11,000 


NP 


7,000 


NP 




21,000 




16,500 




11,000 











Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 



UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67% 


22' (6.7 m) 


0.73% 


24' (7.3 m) 


0.80% 


26' (7.9 m) 


0.87% 


28' (8.5 m) 


0.93% 


30' (9.1 m) or wider 


1.00% 



For information on Occupancy 
classifications, see page 6. For 
information on mixed-use build- 
ings, see page 368. For informa- 
tion on which code to consult, see 
pages 5-6 and 13. 



intermediate values may be interpo- 
lated. 



Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 






Comhustible 




Ordinary 


Mill 

(page 382) 


Wood Light Frame | 




1-Hour 
(page 382) 


Unprotected 
(page 382) 


l-Hour 
(page 384) 


Unprotected 
(page 384) 




Type III-A 


Type III-B 


Type IV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




85' 




75' 




85' 




70' 




60' 








NP 




NP 




NP 




NP 




NP 


19,000 

9,500 


21,000 

10,500 


7,000 


7,500 


3,000 




9,500 








10,500 













UH 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 



This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 
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n 

g 

H! 



H! 

Q 



S 

U 

U 

S 



MAXIMUM AREA 409 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 





INTERNATIONAL BUILDING CODE 



OCCUPANCY H-3: 

HIGH-HAZARD, 

COMBUSTIBLES 

Special Requirements 

All H-3 Occupancy buildings 
must be sprinklered throughout. 
In mixed-occupancy buildings, 
H-3 Occupancies must be treat- 
ed as Separated, with 1- to 3-hour 
fire-resistance rated assemblies 
between the H-3 and other occu- 
pancies involved. Accessory and 
Nonseparated Occupancy treat- 
ments are not permitted (see pages 
368-370). Certain H-3 Occupancies 
of limited area and configuration 
are permitted to be included in 



unlimited area F or S Occupancy 
buildings. 

With greater quantities of haz- 
ardous material stored, separations 
of 50 ft (15.2 m) or more from 
other buildings and public ways 
are required. Some H-3 Occupancy 
buildings are restricted solely to 
the H-3 use, limited to one story 
in height, and not permitted to 
include basements, crawlspaces, 
or other underfloor areas. See the 
code for more information. 

Basement Area 

Basements, where permitted, are 
not included in area calculations, 
provided that their area does not 



exceed the area permitted for a 
one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 



410 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



OCCUPANCY H-3: HIGH-HAZARD, COMBUSTIBLES 



Noncomhustible 




3-Hour 
(page 380) 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Unprotected 
(page 382) 




Type I-A 


Type I-B 


Type II-A 


Type II-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UH 




160' 




65' 




55' 






UA 






















180,000 


















180,000 


















180,000 




79,500 














180,000 




79,500 














120,000 




53,000 




28,000 








NP 


60,000 


NP 


26,500 


NP 


14,000 


NP 




UA 




60,000 




26,500 




14,000 







Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 



Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 





INTERNATIONAL BUILDING CODE 



Width of Frontage^ 


Area 

Increase for Each 
1% of Frontage^ 
in Excess of 25 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9.1 m) or wider 


1.00 



^Intermediate values may be interpo- 
lated. 



Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 



level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 
mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^. 





This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 



HEIGHT AND AREA TABLES 





INTERNATIONAL BUILDING CODE 



OCCUPANCY H-4: 
HIGH-HAZARD, 
CORROSIVES AND TOXICS 

Special Requirements 

All H-4 Occupancy buildings must 
be sprinklered throughout. In 
mixed-occupancy buildings, H-4 
Occupancies must be treated as 
Separated, with 1- to 3-hour rated 
assemblies between the H-4 and 
other Occupancies involved. Acces- 
sory and Nonseparated Occupan- 
cy treatments are not permitted 
(see pages 368-370). Certain H-4 
Occupancies of limited area and 



configuration are permitted to be 
included in unlimited area F or S 
Occupancy buildings. 

Basement Area 

Basements, where permitted, are 
not included in area calculations, 
provided that their area does not 
exceed the area permitted for a 
one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 



ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
4J2 IN SOFT FOR ANY 

= SINGLE FLOOR OF 

A MULTISTORY 
BUILDING 



OCCUPANCY H-4: HIGH-HAZARD, CORROSIVES AND TOXICS 



Noncomliustible 




3-Hour 
(page 380) 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Unprotected 
(page 382) 




Type I-A 


Type I-B 


Type II-A 


Type II-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UH 




180' 




85' 




75' 






UA 


NP 


UA 


NP 


337,500 

337,500 

337,500 

337,500 

225.000 

150.000 


NP 


157,500 

157,500 

105,000 

70,000 


NP 




UA 




UA 




112,500 




52,500 







Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 





INTERNATIONAL BUILDING CODE 



is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9.1 m) or wider 


1.00 



^Intermediate values may be interpo- 
lated. 



Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 
mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 





HEIGHT AND AREA TABLES 





INTERNATIONAL BUILDING CODE 



OCCUPANCY H-5: 

HIGH-HAZARD, 

HAZARDOUS 

PRODUCTION 

MATERIALS 

Special Requirements 

All H-5 Occupancy buildings 
must be sprinklered through- 
out. In mixed-occupancy build- 
ings, H-5 Occupancies must be 
treated as Separated, with 1- to 
3-hour rated assemblies between 
the H-5 and other Occupancies 
involved. Accessory and Nonsep- 



arated Occupancy treatments are 
not permitted (see pages 368- 
370). 

Basement Area 

Basements, where permitted, are 
not included in area calculations, 
provided that their area does not 
exceed the area permitted for a 
one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 



wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 






INTERNATIONAL BUILDING CODE 



level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 


Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67% 


22' (6.7 m) 


0.73% 


24' (7.3 m) 


0.80% 


26' (7.9 m) 


0.87% 


28' (8.5 m) 


0.93% 


30' (9.1 m) or wider 


1.00% 



Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 
mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 



^Intermediate values may be interpo- 
lated. 






Combustible 




Ordinary 






Wood Light Frame 




1-Hour 
(page 382) 


Unprotected 
(page 382) 


Mill 

(page 382) 


1-Hour 
(page 384) 


Unprotected 
(page 384) 




Type III-A 


Type III-B 


Type IV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




65' 




55' 




65' 




50' 




40' 




























256,500 




171,000 




324,000 




162,000 










171,000 




114,000 




216,000 




108,000 




54,000 






114,000 


NP 


76,000 


NP 


144,000 


NP 


72,000 


NP 


36,000 


NP 




85,500 




57,000 




108,000 




54,000 




27,000 





UH 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 



This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
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A MULTISTORY 


BUILDING 





INTERNATIONAL BUILDING CODE 



OCCUPANCY I-l: 
INSTITUTIONAL, 
RESIDENTIAL CARE 

Sprinklers 

A sprinkler system is required 
throughout buildings containing, in 
whole or in part, an I-l Occupancy. 

In buildings not greater than 
four stories, less expensive resi- 
dential class NFPA I3R sprinkler 
systems are permitted as an alter- 
native to conventional NFPA 13 
systems. For buildings with such 
systems, read the table on these 
two facing pages from the columns 



labeled Residential Spr. For more 
information on this sprinkler sys- 
tem type, see page 258. 

Basement Area 

Basements are not included in area 
calculations, provided that their 
area does not exceed the area per- 
mitted for a one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 



limitations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess front- 
age = 20% total area increase 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 






INTERNATIONAL BUILDING CODE 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20 ' ( 6.1 m ) 


0 . 67 % 


22 ' ( 6.7 m ) 


0 . 73 % 


24 ' ( 7.3 m ) 


0 . 80 % 


26 ' ( 7.9 m ) 


0 . 87 % 


28 ' ( 8.5 m ) 


0 . 93 % 


30 ' ( 9.1 m ) or wider 


1 . 00 % 



^Intermediate values may be interpo- 
lated. 



Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 
mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 



is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 






Combustible 




Ordinary 






Wood Light Frame 




1-Hour 
(page 382) 


Unprotected 
(page 382) 


Mill 

(page 382) 


1-Hour 
(page 384) 


Unprotected 
(page 384) 




Type III-A 


Type III-B 


Type IV-HT 


Type V-A 


Type V-B 




Spr 


^Residential 

Spr 


Spr 


^Residential 

Spr 


Spr 


‘Residential 

Spr 


Spr 


‘Residential 

Spr 


Spr 


‘Residential 

Spr 




85 ' 


65 ' 


75 ' 


55 ' 


85 ' 


65 ' 


70 ' 


50 ' 


60 ' 


40 ' 


























148,500 1 








162,000 














148,500 


49,500 


90,000 




162,000 


54,000 


94,500 










148,500 


49,500 


90,000 


30,000 


162,000 


54,000 


94,500 


31,500 


40,500 






99,000 


33,000 


60,000 


20,000 


108,000 


36,000 


63,000 


21,000 


27,000 


9,000 




66,000 


16,500 


40,000 


10,000 


72,000 


18,000 


42,000 


10,500 


18,000 


4,500 




49,500 


16,500 


30,000 


10,000 


54,000 


18,000 


31,500 


10,500 


13,500 


4,500 



This table was compiled from information contained in the International Building Code 2009. 

It does not represent an official interpretation by the organization that issues this code. 

Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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ABOVE GRADE AND 
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IN SQ FT FOR ANY 
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INTERNATIONAL BUILDING CODE 



418 



OCCUPANCY 1-2: 
INSTITUTIONAL, 
MEDICAL, AND 
CUSTODIAL CARE 

Special Requirements 

A sprinkler system is required 
throughout buildings containing, in 
whole or in part, an 1-2 Occupancy. 

In all 1-2 Occupancies, floors 
with an occupant load greater than 
50 or used by patients for sleeping 
or treatment must be subdivided 
by smoke barriers into at least 
two separate refuge areas with 



independent means of egress (see 
page 278). See the code for addi- 
tional requirements. 

Basement Area 

Basements are not included in 
area calculations, provided that 
their area does not exceed the 
area permitted for a one-story 
building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 



ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 



OCCUPANCY 1-2: INSTITUTIONAL, MEDICAL, AND CUSTODIAL CARE 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 

UH 

12 

11 

10 

9 

HEIGHT IN STORIES 8 

ABOVE GRADE AND j 

MAXIMUM AREA IN 
SQ FT FOR ALL 6 

FLOORS g 

4 

3 

2 

1 

MAXIMUM AREA 
IN SO FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY ' 

BUILDING ] 

] 

i 

1 

] 


NoncomLustible 




3-Hour 
(page 380) 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Unprotected 
(page 382) 




Type I-A 


Type I-B 


Type II-A 


Type II-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UH 




180' 




85' 




55' 






UA 


NP 


UA 


NP 


135,000 

90.000 

60.000 


NP 


44,000 


NP 




UA 




UA 




45,000 










Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Jey to Abbreviations 

JA Unlimited area Spr With approved sprinkler system throughout the building 

JH Unlimited height Unspr Without approved sprinkler system throughout the building 

SIP Not permitted 





INTERNATIONAL BUILDING CODE 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9.1 m) or wider 


1.00 



^Intermediate values may be interpo- 
lated. 



Further Information 

For information on Occupancy 
classifications, see page 6. For 
information on mixed-use build- 
ings, see page 368. For informa- 
tion on which code to consult, see 
pages 5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 



is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 






Comhustible 




Ordinary 


Mill 

(page 382) 


Wood Light Frame 




1-Hour 
(page 382) 


Unprotected 
(page 382) 


1-Hour 
(page 384) 


Unprotected 
(page 384) 




Type III-A 


Type III-B 


Type rV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




65' 








65' 




50' 












NP 


NP 


NP 




NP 




NP 


NP 


NP 


48,000 


48,000 


38,000 

























This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 
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INTERNATIONAL BUILDING CODE 



OCCUPANCY 1-3: 
INSTITUTIONAL, 
DETENTION AND 
SECURITY 

Special Requirements 

A sprinkler system is required 
throughout buildings containing, in 
whole or in part, an 1-3 Occupancy. 

In all 1-3 Occupancies, floors 
with an occupant load greater than 
50 or used by residents for sleep- 
ing or treatment must be subdi- 
vided by smoke barriers into at 
least two separate refuge areas 
with independent means of egress 



(see page 278). Alternatively, resi- 
dents may be provided with direct 
exit access to a public way, sepa- 
rate building, or secured yard or 
court. See the code for additional 
requirements. 

Basement Area 

Basements are not included in area 
calculations, provided that their 
area does not exceed the area per- 
mitted for a one-story building. 

Excess Frontage 

If more than 25% of the building 
perimeter fronts on a street or 



open space at least 20 ft (6.1 m) 
wide that is accessible to fire- 
fighting vehicles, the tabulated 
area limitations below may be 
increased according to the adja- 
cent table. For example, for a 
building with half of its perimeter 
accessible to firefighting equip- 
ment via a space not less than 24 
ft (7.3 m) wide, the allowable area 
increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 






INTERNATIONAL BUILDING CODE 



Width of Frontage^ 


Area 

Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9.1 m) or wider 


1.00 



‘Intermediate values may be interpo- 
lated. 



Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 



ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 
mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 






Comhustible 




Ordinary 






Wood Light Frame 




1-Hour 


Unprotected 


Mill 


1-Hour 


Unprotected 




(page 382) 


(page 382) 


(page 382) 


(page 384) 


(page 384) 




Type III-A 


Type III-B 


Type IV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




85' 




75' 




85' 




70' 




60' 




























94,500 








108,000 




67,500 










63,000 




45,000 




72,000 




45,000 




30,000 






42,000 


NP 


30,000 


NP 


48,000 


NP 


30,000 


NP 


20,000 


NP 




31,500 




22,500 




36,000 




22,500 




15,000 





This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 
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OCCUPANCY 1-4: 
INSTITUTIONAL, 

DAY CARE 

Sprinklers 

A sprinkler system is required 
throughout buildings containing, 
in whole or in part, an 1-4 Occu- 
pancy. 

Basement Area 

Basements are not included in area 
calculations, provided that their 
area does not exceed the area per- 
mitted for a one-story building. 



Excess Frontage 

If more than 25% of the building 
perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to fire- 
fighting vehicles, the tabulated 
area limitations below may be 
increased according to the adja- 
cent table. For example, for a 
building with half of its perimeter 
accessible to firefighting equip- 
ment via a space not less than 24 
ft (7.3 m) wide, the allowable area 
increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67% 


22' (6.7 m) 


0.73% 


24' (7.3 m) 


0.80% 


26' (7.9 m) 


0.87% 


28' (8.5 m) 


0.93% 


30' (9.1 m) or wider 


1.00% 



^Intermediate values may be interpo- 
lated 



Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
422 SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



OCCUPANCY 1-4: INSTITUTIONAL, DAY CARE 



Noncombustible 




3-Hour 
(page 380) 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Unprotected 
(page 382) 




Type I-A 


Type I-B 


Type II-A 


Type II-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UH 




180' 




85' 




75' 






UA 






















544,500 


















544,500 


















544,500 




238,500 














544,500 




238,500 




117,000 










363,000 




159,000 




78,000 








NP 


242,000 


NP 


106,000 


NP 


52,000 


NP 




UA 




181,500 




79,500 




39,000 







Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 



Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 
mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 






ComLustible 




Ordinary 






Wood Light Frame 




1-Hour 


Unprotected 


Mill 


1-Hour 


Unprotected 




(page 382) 


(page 382) 


(page 382) 


(page 384) 


(page 384) 




Type III-A 


Type III-B 


Type IV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




85' 




75' 




85' 




70' 




60' 






211,500 








229,500 














211,500 




117,000 




229,500 














141,000 




78,000 




153,000 




111,000 




54,000 






94,000 


NP 


52,000 


NP 


102,000 


NP 


74,000 


NP 


36,000 


NP 




70,500 




39,000 




76,500 




55,500 




27,000 





This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 
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IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 
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424 



OCCUPANCY M: 
MERCANTILE 

Sprinklers 

In addition to the requirements indi- 
cated in the table on these two facing 
pages, a sprinkler system is required 
throughout entire buildings meeting 
any of the following conditions: 

■ Containing an M Occupancy fire 
area exceeding 12,000 sq ft (1 1 15 m^) 

■ Containing an M Occupancy fire 
area located four or more stories 
above grade 

■ Containing multiple M Occupancy 
fire areas, including mezzanines, that 
in total exceed 24,000 sq ft (2230 m^) 
in area 

■ Where upholstered furniture is 
displayed or sold 



■ Where merchandise is stored in 
high-piled or rack storage arrays 

For an explanation of fire areas 
and additional building code sprin- 
kler requirements, see page 374. 

Unlimited Area Buildings 

Fully sprinklered one- or two-story 
M Occupancy buildings may be of 
unlimited area when: 

■ The building is surrounded on all 
sides by streets or open space not 
less than 40 to 60 ft (12.2 to 18.3 m) 
in width, depending on the fire-re- 
sistance rating of the exterior walls. 
(See the code for details.) 

Covered Mall Buildings 

Covered mall buildings, consist- 
ing of single buildings enclosing 
multiple retail, entertainment, and 



related facilities, are permitted to 
be of unlimited area, provided that 
they are fully sprinklered, no more 
than three stories in height, of any 
Construction Type except Wood 
Light Frame, and surrounded on 
all sides by streets or open space 
not less than 40 to 60 ft (12.2 to 
18.3 m) in width, depending on the 
fire-resistance rating of the exterior 
walls. See the code for additional 
requirements. In such buildings, 
tenant spaces must be separated 
from each other by 1-hour fire- 
resistance rated partitions. No sep- 
aration is required between the ten- 
ants and the common mall areas. 

Covered mall buildings greater 
than three stories in height must 
comply with the height and area 
requirements of the table on these 
two facing pages. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



OCCUPANCY M: MERCANTILE 



Noncombustible 




3-Hour 
(page 380) 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Unprotected 
(page 382) 




Type I-A 


Type I-B 


Type II-A 


Type II-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UH 


75' 


180' 


75' 


85' 


65' 


75' 


55' 




UA 






















UA 






















193,500 


















193,500 












UA 




UA 


193,500 


64,500 


112,500 














129,000 


43,000 


75,000 


25,000 












86,000 


21,500 


50,000 


12,500 




UA 


UA 


UA 


UA 


64,500 


21,500 


37,500 


12,500 





Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 



UA Unlimited area 
UH Unlimited height 
NP Not permitted 



Spr With approved sprinkler system throughout the building 
Unspr Without approved sprinkler system throughout the building 




INTERNATIONAL BUILDING CODE 



Basement Area 

Basements are not included in area 
calculations, provided that their 
area does not exceed the area per- 
mitted for a one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 



Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage* 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9.1 m) or wider 


1.00 



‘Intermediate values may be interpo- 
lated. 




Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 
mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 







Comhustible 






Ordinary 






Wood Light Frame 




1-Hour 


Unprotected 


Mill 


1-Hour 


Unprotected 




(page 382) 


(page 382) 


(page 382) 


(page 384) 


(page 384) 




Type III-A 


Type III-B 


Type rV-HT 


TypeV-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




85' 


65' 


75' 


55' 


85' 


65' 


70' 


50' 


60' 


40' 




166,500 








184,500 














166,500 








184,500 




126,000 










166,500 


55,500 


112,500 




184,500 


61,500 


126,000 


42,000 








111,000 


37,000 


75,000 


25,000 


123,000 


41,000 


84,000 


28,000 


54,000 






74,000 


18,500 


50,000 


12,500 


82,000 


20,500 


56,000 


14,000 


36,000 


9,000 




55,500 


18,500 


37,500 


12,500 


61,500 


20,500 


42,000 


14,000 


27,000 





This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 
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MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 
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OCCUPANCY R-1: 
RESIDENTIAL, HOTELS 
AND MOTELS 

Sprinklers 

A sprinkler system is required 
throughout buildings containing, in 
whole or in part, an R-1 Occupancy. 

In buildings not greater than 
four stories and 60 ft (18.3 m) in 
height, less expensive residential 
class NFPA 13R sprinkler systems 
are permitted as an alternative to 
conventional NFPA 13 systems. For 
buildings with such systems, read 
the table on these two facing pages 
from the columns labeled Resi- 
dential Spr. For more information 
on this sprinkler system type, see 
page 258. 



Special Height Exceptions 

The code also provides several maxi- 
mum height exceptions for R- 1 Occu- 
pancy buildings. When constructed 
of 1-Hour Ordinary Construction, 
such buildings may be up to six sto- 
ries and 75 ft (22.9 m) in height, pro- 
vided that the floor assembly sepa- 
rating basement areas from the floor 
at grade level has a fire-resistance 
rating of at least 3 hours and the 
building contains continuous vertical 
2-hour rated fire walls that subdivide 
all floors into areas not exceeding 
3000 sq ft (279 m^). 

Alternatively, when construct- 
ed of 1-Hour Noncombustible Con- 
struction, an R-1 Occupancy build- 
ing may be up to nine stories and 
100 ft (30.4 m) in height, provided 



that the floor assembly separating 
basement areas from the floor at 
grade level has a fire-resistance 
rating of at least VA hours, exits 
are separated from the rest of the 
building by 2-hour rated fire walls, 
and the building is separated from 
other buildings and lot lines by a 
distance of at least 50 ft (15.2 m). 

Basement Area 

Basements are not included in area 
calculations, provided that their 
area does not exceed the area per- 
mitted for a one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
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wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9.1 m) or wider 


1.00 



^Intermediate values may be interpo- 
lated. 



Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 
mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 



Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 





UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 



HEIGHT AND AREA TABLES 
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OCCUPANCY R-2: 

RESIDENTIAL, 

MULTIFAMILY 

Special Requirements 

A sprinkler system is required 
throughout buildings containing, in 
whole or in part, an R-2 Occupancy. 

In buildings not greater than 
four stories and 60 ft (18.3 m) in 
height, less expensive residential 
class NFPA 13R sprinkler systems 
are permitted as an alternative to 
conventional NFPA 13 systems. For 
buildings with such systems, read 
the table on these two facing pages 
from the columns labeled Residential 
Spr. For more information on this 
sprinkler system type, see page 258. 



Special Height Exceptions 

The code also provides several maxi- 
mum height exceptions for R-2 Occu- 
pancy buildings. When constructed 
of 1-Hour Ordinary Construction, 
such buildings may be up to six sto- 
ries and 75 ft (22.9 m) in height, pro- 
vided that the floor assembly sepa- 
rating basement areas from the floor 
at grade level has a fire-resistance 
rating of at least 3 hours and the 
building contains continuous vertical 
2-hour rated fire walls that subdivide 
all floors into areas not exceeding 
3000 sq ft (279 m^). 

TUternatively, when construct- 
ed of 1-Hour Noncombustible Con- 
struction, an R-2 Occupancy build- 
ing may be up to nine stories and 
100 ft (30.4 m) in height, provided 



that the floor assembly separating 
basement areas from the floor at 
grade level has a fire-resistance 
rating of at least VA hours, exits 
are separated from the rest of the 
building by 2-hour rated fire walls, 
and the building is separated from 
other buildings and lot lines by a 
distance of at least 50 ft (15.2 m). 

Basement Area 

Basements are not included in area 
calculations, provided that their 
area does not exceed the area per- 
mitted for a one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 



428 



OCCUPANCY R-2: RESIDENTIAL, MULTIFAMILY 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 



MAXIMUM HEIGHT 
IN FEET 

UH 

12 

11 

10 

9 

HEIGHT IN STORIES 8 
ABOVE GRADE AND 7 
MAXIMUM AREA IN 
SO FT FOR ALL ® 

FLOORS 5 

4 

3 

2 

1 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



Noncomliustible 




3-Hour 
(page 380) 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Unprotected 
(page 382) 




Type I-A 


Type I-B 


Type II-A 


Type II-B 




Spr 


^Residential 

Spr 


Spr 


^Residential 

Spr 


Spr 


‘Residential 

Spr 


Spr 


‘Residential 

Spr 




UH 


60' 


180' 


60' 


85' 


60' 


75' 


60' 




UA 


























UA 
























216,000 




144,000 










UA 




UA 


216,000 


72,000 


144,000 


48,000 














216,000 


72,000 


144,000 


48,000 














144,000 


48,000 


96,000 


32,000 














96,000 


24,000 


64,000 


16,000 




UA 


UA 


UA 


UA 


72,000 


24,000 


48,000 


16,000 





Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

^Residential class sprinkler system NFPA 13R. 
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wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 



Width of Frontage^ 


Area 

Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9. 1 m) or wider 


1.00 



‘Intermediate values may be interpo- 
lated. 



Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 
mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 



Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 





HEIGHT AND AREA TABLES 
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OCCUPANCY R-3: 

RESIDENTIAL, 

MISCELLANEOUS 

International Residential 
Code 

Detached residential one- and two- 
family dwellings and townhouses 
are governed by the International 
Residential Code, a separate model 
code. For buildings of this type, use 
the following preliminary guidelines: 

■ All residences must be sprin- 
klered with a light-duty NFPA 13D 
or equivalent system (see page 258 
for more information). Check local 
code amendments before assum- 
ing that this requirement applies to 
your project. 



■ Building height is limited to three 
stories. Area is unlimited. 

■ Buildings may be of any Con- 
struction Type. 

■ Each dwelling unit must have its 
own separate means of egress. 

■ Townhouses must have yards or 
public ways on at least two sides. 

■ Townhouse units and dwelling 
units in two-family buildings must 
be separated by at least a 1-hour 
rated wall and floor/ceiling as- 
semblies. 

■ Every habitable basement and 
sleeping room must have at least 
one emergency window or door to 
the exterior. See page 29 1 . 



International Building 
Code 

The International Building Code R-3 
Occupancy classification governs 
one- and two-family buildings that 
exceed the limits of the Internation- 
al Residential Code listed above, 
as well as congregate living facili- 
ties with 16 or fewer occupants and 
adult or child day care facilities for 
5 or fewer persons. For such build- 
ings, use the table on these two 
facing pages to determine building 
height and area limitations. 

Sprinklers 

A sprinkler system is required 
throughout buildings containing, in 
whole or in part, an R-3 Occupancy. 



OCCUPANCY R-3: RESIDENTIAL, MISCELLANEOUS 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 

UH 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

MAXIMUM AREA 
^30 IN SO FT FOR ANY 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 




SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

^Residential class sprinkler system NFPA 13R. 



Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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In buildings not greater than 
four stories and 60 ft (18.3 m) in 
height, residential class NFPA 13R 
sprinkler systems are permitted 
(see page 258). For such buildings, 
read the table on these two facing 
pages from the columns labeled 
Residential Spr. 

Dwelling Unit Separations 

Individual dwelling units in a two- 
family building must be separated 
by 1-hour fire-resistance rated wall 
and floor/ceiling assemblies. Com- 
mon walls separating adjoining 
townhouses must be 2-hour rated. 

Basement Area 

Basements are not included in 
area calculations, provided that 



their area does not exceed the area 
permitted for a one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with- 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9. 1 m) or wider 


1.00 



^Intermediate values may be interpolated. 



Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 





Combustible 


CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 

UH 

12 

11 

10 

9 

8 HEIGHT IN STORIES 

^ ABOVE GRADE AND 

MAXIMUM AREA IN 
6 SO FT FOR ALL 

5 FLOORS 

4 

3 

2 

1 

MAXIMUM AREA 
IN SO FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 




Ordinary 


Mill 

(page 382) 


Wood Light Frame 




1-Hour 
(page 382) 


Unprotected 
(page 382) 


1-Hour 
(page 384) 


Unprotected 
(page 384) 




Type III-A 


Type III-B 


Type rV-HT 


Type V-A 


Type V-B 




Spr 


‘Residential 

Spr 


Spr 


‘Residential 

Spr 


Spr 


‘Residential 

Spr 


Spr 


‘Residential 

Spr 


Spr 


‘Residential 

Spr 




85' 


60' 


75' 


60' 


85' 


60' 


75' 


60' 


60' 


60' 
























UA 


1 UA 


1 


UA 


UA 


UA 


UA 


UA 


UA 


UA 




UA 


UA 


UA 


UA 


UA 


UA 


UA 


UA 


UA 


UA 


This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 
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INTERNATIONAL BUILDING CODE 



OCCUPANCY R-4: 
RESIDENTIAL, ASSISTED 
LIVING 

International Residential 
Code 

Structures housing activities clas- 
sified by the International Build- 
ing Code as R-4 Occupancy but 
meeting the limitations of the Inter- 
national Residential Code may be 
constructed to the requirements of 
the International Residential Code. 
For more information on the limita- 
tions of the International Residential 
Code, see page 430. 



Sprinklers 

A sprinkler system is required 
throughout buildings containing, 
in whole or in part, an R-4 Occu- 
pancy. 

In buildings not greater than 
four stories and 60 ft (18.3 m) in 
height, less expensive residential 
class NFPA 13R sprinkler systems 
are permitted as an alternative to 
conventional NFPA 13 systems. For 
buildings with such systems, read 
the table on these two facing pages 
from the columns labeled Resi- 
dential Spr. For more information 
on this sprinkler system type, see 
page 258. 



Basement Area 

Basements are not included in area 
calculations, provided that their 
area does not exceed the area per- 
mitted for a one-story building. 

Excess Frontage 

If more than 25% of the building 
perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to fire- 
fighting vehicles, the tabulated 
area limitations below may be 
increased according to the adja- 
cent table. For example, for a 
building with half of its perimeter 
accessible to firefighting equip- 
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merit via a space not less than 24 
ft (7.3 m) wide, the allowable area 
increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20 ' ( 6.1 m ) 


0.67 


22 ' ( 6.7 m ) 


0.70 


24 ' ( 7.3 m ) 


0.80 


26 ' ( 7.9 m ) 


0.87 


28 ' ( 8.5 m ) 


0.93 


30 ' ( 9.1 m ) or wider 


1.00 



‘Intermediate values may be interpo- 
lated. 



Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 
mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 






Comhustible 




Ordinary 






Wood Light Frame 




1-Hour 


Unprotected 


Mill 


1-Hour 


Unprotected 




(page 382) 


(page 382) 


(page 382) 


(page 384) 


(page 384) 




Type III-A 


Type III-B 


Type IV-HT 


Type V-A 


Type V-B 






^Residential 




^Residential 




^Residential 




^Residential 




^Residential 




Spr 


Spr 


Spr 


Spr 


Spr 


Spr 


Spr 


Spr 


Spr 


Spr 




85 ' 


60 ' 


75 ' 


60 ' 


85 ' 


60 ' 


70 ' 


60 ' 


60 ' 


60 ' 




216,000 




1 144,000 




1 184,500 














216,000 


72,000 


144,000 


48,000 


184,500 


61,500 


108,000 


36,000 1 








216,000 


72,000 


144,000 


48,000 


184,500 


61,500 


108,000 


36,000 


63,000 


21,000 




144,000 


48,000 


96,000 


32,000 


123,000 


41,000 


72,000 


24,000 


42,000 


14,000 




96,000 


24,000 


64,000 


16,000 


82,000 


20,500 


48,000 


12,000 


28,000 


7,000 




72,000 


24,000 


48,000 


16,000 


61,500 


20,500 


36,000 


12,000 


21,000 


7,000 



This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SO FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 
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Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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OCCUPANCY S-1: 
STORAGE, MODERATE 
HAZARD 

Sprinklers 

In addition to the requirements 
indicated in the table on these two 
facing pages, a sprinkler system is 
required throughout entire build- 
ings meeting any of the following 
conditions: 

■ Containing an S-1 Occupancy 
fire area exceeding 12,000 sq ft 
(11 15 m2) 

■ Containing an S-1 fire area lo- 
cated four or more stories above 
grade 

■ Containing multiple S-1 fire ar- 
eas, including mezzanines, that in 
total exceed 24,000 sq ft (2230 m^) 
in area 



■ Containing an S-1 fire area ex- 
ceeding 500 sq ft (464 m^) used for 
the storage of commercial trucks or 
buses 

■ Containing storage of vehicular 
tires exceeding 20,000 cu ft (566 
m2) in volume 

A sprinkler system is also 
required throughout buildings 
containing S-1 Occupancy vehicle 
repair garages meeting any of the 
following conditions: 

■ Buildings with two or more 
above-ground floors and a fire 
area greater than 10,000 sq ft 
(929 m2) in area containing a re- 
pair garage 

■ One-story buildings with a 
fire area greater than 12,000 sq ft 
(1115 m2) in area containing a re- 
pair garage 



■ Buildings with repair garages 
that store serviced vehicles in 
basements 

■ Buildings with a fire area great- 
er than 5000 sq ft (464 m2) in area 
containing a repair garage for com- 
mercial trucks or busses 

For an explanation of fire areas 
and additional building code sprin- 
kler requirements, see page 374. 

Unlimited Area Buildings 

Fully sprinklered one- or two-story 
S-1 Occupancy buildings may be of 
unlimited area when: 

■ The building is surrounded on all 
sides by streets or open space not 
less than 40 to 60 ft (12.2 to 18.3 m) 
in width, depending on the fire-re- 
sistance rating of the exterior walls. 
(See the code for details.) 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 
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MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 



OCCUPANCY S-1: STORAGE, MODERATE HAZARD 





NoncoitiLustible 






3-Hour 
(page 380) 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Unprotected 
(page 382) 






Type I-A 


Type I-B 


Type II-A 


Type II-B 






Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 






UH 


75' 


180' 


160' 


85' 


65' 


75' 


55' 




UH 


UA 


















12 






432,000 














11 






432,000 














10 






432,000 














9 






432,000 














8 






432,000 














7 






432,000 














6 






432,000 














5 






432,000 




234,000 










4 






432,000 




234,000 










3 




UA 


432,000 


144,000 


234,000 


78,000 


157,500 






2 






288,000 


96,000 


156,000 


52,000 


105,000 


35,000 




1 






192,000 


48,000 


104,000 


26,000 


70,000 


17,500 






UA 


UA 


144,000 


48,000 


78,000 


26,000 


52,500 


17,500 





Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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Basement Area 

Basements are not included in area 
calculations, provided that their 
area does not exceed the area per- 
mitted for a one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess front- 
age = 20% total area increase 



Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage* 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9.1 m) or wider 


1.00 



intermediate values may be interpo- 
lated. 




Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 
mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 





Comhustible 




Ordinary 






Wood Light Frame 




1-Hour 


Unprotected 


Mill 


1-Hour 


Unprotected 




(page 382) 


(page 382) 


(page 382) 


(page 384) 


(page 384) 




Type III-A 


Type III-B 


Type rV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




85' 


65' 


75' 


55' 


85' 


65' 


70' 


50' 


60' 


40' 












229,500 














234,000 








229,500 




1 126,000 










234,000 


78,000 


157,500 




229,500 


76,500 


126,000 


42,000 1 








156,000 


52,000 


105,000 


35,000 


153,000 


51,000 


84,000 


28,000 


54,000 






104,000 


26,000 


70,000 


17,500 


102,000 


25,500 


56,000 


14,000 


36,000 


9,000 




78,000 


26,000 


52,500 


17,500 


76,500 


25,500 


42,000 


14,000 


27,000 





This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 
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OCCUPANCY S-2: 
STORAGE, LOW-HAZARD 

Sprinklers 

Height and area sprinkler require- 
ments for S-2 Occupancies are incor- 
porated into the table on these two 
facing pages. For additional sprin- 
kler requirements, see page 374. 

Unlimited Height and Area 
Buildings 

Unsprinklered one-story S-2 Occu- 
pancy buildings or fully sprinklered 
one- or two-story S-2 Occupancy 
buildings may be of unlimited area 
when: 

■ The building is surrounded on 
all sides by streets or open space 
not less than 40 to 60 ft (12.2 to 18.3 
m) in width, depending on the fire- 



resistance rating of the exterior 
walls. (See the code for details.) 

Vehicle Parking Garages 

For enclosed parking garages 
relying on mechanical ventilation 
to prevent the accumulation of 
exhaust gasses, and for naturally 
ventilated open parking garages 
combined with other occupan- 
cies, use the height and area table 
on these two facing pages. For 
buildings containing solely open 
parking, see Occupancy S-2: Open 
Parking, on pages 438-439. For 
private garages and carports, see 
Occupancy U: Utility, on pages 
440-441. For specially permitted 
mixed-use garage configurations, 
see page 370. 

Open parking garages may 
be of only Noncombustible or Mill 



Construction. They may not include 
vehicle repair work, the dispens- 
ing of fuel, or the parking of com- 
mercial busses or trucks. For wall 
opening and building separation 
distance requirements for open 
parking garages, see page 345. 

Buildings containing, in whole 
or in part, enclosed parking garag- 
es meeting any of the following 
requirements must be sprinklered 
throughout: 

■ The fire area of the garage is 
greater than 12,000 sq ft (1 1 15 m^). 

■ The garage is located below any 
Occupancy other than R-3 Residen- 
tial, Miscellaneous. 

■ The fire area of the garage is 
greater than 5000 sq ft (464 m^) and 
is used for the storage of commer- 
cial trucks and busses. 
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OCCUPANCY S-2: STORAGE, LOW-HAZARD 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 





NoncomLustible 




3-Hour 
(page 380) 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Unprotected 
(page 382) 






Type I-A 


Type I-B 


Type II-A 


Type II-B 






Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 






UH 


75 ' 


180 ' 


75 ' 


85 ' 


65 ' 


75 ' 


55 ' 




UH 


UA 


UA 1 
















12 






711,000 














11 






711,000 


237,000 












10 






711,000 


237,000 












9 






711,000 


237,000 












8 






711,000 


237,000 












7 






711,000 


237,000 












6 






711,000 


237,000 


351,000 1 










5 






711,000 


237,000 


351,000 


117,000 








4 






711,000 


237,000 


351,000 


117,000 


234,000 


78,000 




3 






711,000 


237,000 


351,000 


117,000 


234,000 


78,000 




2 






474,000 


158,000 


234,000 


78,000 


156,000 


52,000 




1 






316,000 


79,000 


156,000 


39,000 


104,000 


26,000 






UA 


UA 


237,000 


79,000 


117,000 


39,000 


78,000 


26,000 





Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 



UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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The minimum clear height 
within parking garage tiers is 7 ft 
(2.1 m). Parking is permitted on 
garage roofs. For more information 
on the design of parking facilities, 
see Designing for Parking, begin- 
ning on page 327. 

Basement Area 

Basements are not included in area 
calculations, provided that their 
area does not exceed the area per- 
mitted for a one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 
according to the adjacent table. 



For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase. 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 
mation on mixed-use buildings. 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20' (6.1 m) 


0.67 


22' (6.7 m) 


0.73 


24' (7.3 m) 


0.80 


26' (7.9 m) 


0.87 


28' (8.5 m) 


0.93 


30' (9.1 m) or wider 


1.00 



^Intermediate values may be interpo- 
lated. 



see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 



Combustible 




Ordinary 






Wood Light Frame 




1-Hour 


Unprotected 


Mill 


1-Hour 


Unprotected 




(page 382) 


(page 382) 


(page 382) 


(page 384) 


(page 384) 




Type III-A 


Type III-B 


Type IV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




85' 


65' 


75' 


55' 


85' 


65' 


70' 


50' 


60' 


40' 












346,500 














351,000 1 




1 234,000 1 




346,500 


115,500 


189,000 1 










351,000 


117,000 


234,000 


78,000 


346,500 


115,500 


189,000 


63,000 1 








351,000 


117,000 


234,000 


78,000 


346,500 


115,500 


189,000 


63,000 


121,500 1 






234,000 


78,000 


156,000 


52,000 


231,000 


77,000 


126,000 


42,000 


81,000 


27,000 




156,000 


39,000 


104,000 


26,000 


154,000 


38,500 


84,000 


21,000 


54,000 


13,500 




117,000 


39,000 


78,000 


26,000 


115,500 


38,500 


63,000 


21,000 


40,500 


13,500 



This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 



MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 
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MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 
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OCCUPANCY S-2: OPEN 
PARKING GARAGES 

Use the information on these two 
facing pages for structures contain- 
ing only single-use, open parking 
garages. To qualify, two or more 
sides of the structure must be sub- 
stantially open to the passage of 
air and the garage must be used 
for the parking or storage of pri- 
vate motor vehicles only, exclud- 
ing commercial trucks and buses. 
For all other parking structures, 
see Occupancy S-2: Storage, Low- 
Hazard, pages 436-437 or, for pri- 
vate garages and carports. Occu- 
pancy U: Utility, pages 440-441. 

Mixed Occupancies are not 
permitted, except that up to 1000 
sq ft (93 m^) of office space, toilet 



facilities, and waiting area may be 
included on the ground level. The 
minimum vertical clear height with- 
in parking garage tiers is 7 ft (2. 1 m). 
Rooftops may be used as parking. 

For wall opening and building 
separation distance requirements 
for open parking garages, see 
page 345. For general information 
on the design of parking facilities, 
see Designing for Parking, begin- 
ning on page 327. 

Height and Area Increases 

For garages that are open on three 
sides, the heights and areas tabu- 
lated on these two facing pages 
may be increased by one floor and 
25%, respectively. For garages that 
are open on four sides, these values 
may be increased by one floor and 



50%. To apply these increases, wall 
openings must equal at least 50% of 
the wall area and must be equally 
distributed along the wall's length. 

For garages that are open on 
four sides, are constructed of 1-Hour 
or Unprotected Noncombustible 
Construction, and are not more than 
75 ft (22.9 m) in height, floor area is 
unlimited. Wall opening area must 
meet the requirements of the previ- 
ous paragraph, and no point on any 
floor may be more than 200 ft (61 
m) from such openings. 

For garages with openings on 
at least three sides and with less 
than the maximum permitted num- 
ber of stories, the combined area 
of all floors may be increased to as 
much as that permitted for the max- 
imum height structure. For example. 



OCCUPANCY S-2: OPEN PARKING GARAGES 
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CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 





NoncoitiLustible 






3-Hour 
(page 380) 


2-Hour 
(page 380) 


1-Hour 
(page 381) 


Unprotected 
(page 382) 






Type I-A 


Type I-B 


Type II-A 


Type II-B 






Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 






UH 


UH 


UH 


UH 


UH 


UH 


UH 


UH 




UH 


UA 


UA 
















12 






UA 


UA 












11 




















10 










500,000 


500,000 








9 










450,000 


450,000 








8 










400,000 


400,000 


400,000 


400,000 




7 










350,000 


350,000 


350,000 


350,000 




6 










300,000 


300,000 


300,000 


300,000 




5 










250,000 


250,000 


250,000 


250,000 




4 










200,000 


200,000 


200,000 


200,000 




3 










150,000 


150,000 


150,000 


150,000 




2 










100,000 


100,000 


100,000 


100,000 




1 










50,000 


50,000 


50,000 


50,000 






UA 


UA 


UA 


UA 


50,000 


50,000 


50,000 


50,000 





Each number in the table represents the maximum total area in square feet for all floors for a 
building of the indicated story height. 

Key to Abbreviations 

UA Unlimited area Spr With approved sprinkler system throughout the building 

UH Unlimited height Unspr Without approved sprinkler system throughout the building 

NP Not permitted 
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for a 2-hour Noncombustible open 
parking garage, 5 floors in height, 
the tabulated maximum area for all 
floors is 250,000 sq ft (50,000 sq ft 
per floor). With this area increase, 
the area of all floors may be as much 
as 500,000 sq ft (100,000 sq ft per 
floor). To apply this increase, at least 
three sides of the garage must have 
continuous wall openings, and no 
point on any floor may be more than 
200 ft (61 m) from such an opening. 
Wall openings must be at least 30 
in. (760 mm) in height, extend for 
at least 80% of the length of the 
wall, and must face streets at least 
30 ft (9.1 m) in width or yards of 
equal width accessible to firefight- 
ing equipment. Standpipes for fire 
hose connections must also serve 
each floor. 



The allowable number of floors 
may also be increased by as much 
as 50% for open parking garages 
that are fully sprinklered, have lim- 
ited public access, and use lifts or 
other mechanical devices to move 
vehicles to and from the street 
level. See the code for details. 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 



mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 






Combustible 




Ordinary 






Wood Light Frame 




1-Hour 


Unprotected 


Mill 


1-Hour 


Unprotected 




(page 382) 


(page 382) 


(page 382) 


(page 384) 


(page 384) 




Type III-A 


Type III-B 


Type IV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 












UH 


UH 




















200,000 


200,000 




















150,000 


150,000 




















100,000 


100,000 












NP 


NP 


NP 


NP 


50,000 


50,000 


NP 


NP 


NP 


NP 












50,000 


50,000 











UH 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 



This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 

MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 
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OCCUPANCY U: UTILITY 
Sprinklers 

Height and area sprinkler require- 
ments for U Occupancies are incor- 
porated into the table on these two 
facing pages. For additional sprin- 
kler requirements, see page 374. 

Private Garages and 
Carports 

Private garages attached to resi- 
dences must be separated from 
adjacent living areas by construction 
including at least */ 2 -in. (12.5-mm) 
gypsum wallboard or, where living 
space is located above the garage, 
with at least Ve-in.. (16-mm) Type X 
fire-rated gypsum wallboard. Doors 
separating living space from pri- 



vate garages must be self-closing, 
self-latching, not less than We in. (35 
mm) thick, and made of solid wood 
or hollow metal, or they may be of 
other types with at least a 20-min- 
ute fire rating. Windows, doors, and 
other openings between garages 
and sleeping areas are not permit- 
ted. Carports open on at least two 
sides are not subject to these sep- 
aration requirements, except that 
where living space is located above 
the carport, the floor/ceiling con- 
struction must be protected with at 
least %-in. (16-mm) Type X gypsum 
wallboard. Garage and carport floor 
surfaces must be noncombustible 
or asphalt. 

When regulated by the Inter- 
national Residential Code, there are 
no area limitations on private garag- 



es or carports (see page 430 for the 
building types that apply). When 
regulated by the International Build- 
ing Code, Occupancy U private 
garages and carports are limited to 
1000 sq ft (93 m^) in area and one 
story in height. Alternatively, when 
used for private vehicle storage and 
excluding vehicle repair or the dis- 
pensing of fuel, such garages may 
be up to 3000 sq ft (279 m^) in area 
when the exterior walls are con- 
structed to meet the fire-resistance 
requirements for the building's pri- 
mary occupancy. Private garages 
within mixed-use buildings are 
considered accessory to the main 
use, and height and area limitations 
for building should be determined 
according to the requirements of the 
major occupancy. 






INTERNATIONAL BUILDING CODE 



Private garages exceeding 
Occupancy U area limitations must 
be classified as Occupancy S-2, or 
1-hour rated walls may be used to 
divide the garage area into multiple 
separated garages complying with 
U Occupancy private garage limits. 

Basement Area 

Basements are not included in area 
calculations, provided that their 
area does not exceed the area per- 
mitted for a one-story building. 

Excess Frontage 

If more than 25% of the build- 
ing perimeter fronts on a street or 
open space at least 20 ft (6.1 m) 
wide that is accessible to firefight- 
ing vehicles, the tabulated area 
limitations below may be increased 



according to the adjacent table. 
For example, for a building with 
half of its perimeter accessible to 
firefighting equipment via a space 
not less than 24 ft (7.3 m) wide, the 
allowable area increase is: 

0.80 increase X 25% excess 
frontage = 20% total area increase 

Measurements 

Height is measured from the aver- 
age finished ground level adjoin- 
ing the building to the average 
level of the highest roof. Floor area 
is measured within exterior walls 
or exterior walls and fire walls, 
exclusive of courtyards. 

Further Information 

For information on Occupancy clas- 
sifications, see page 6. For infor- 



Width of Frontage^ 


Percent Area 
Increase for Each 
1% of Frontage^ 
in Excess of 25% 


20 ' ( 6.1 m ) 


0.67 


22 ' ( 6.7 m ) 


0.73 


24 ' ( 7.3 m ) 


0.80 


26 ' ( 7.9 m ) 


0.87 


28 ' ( 8.5 m ) 


0.93 


30 ' ( 9. 1 m ) or wider 


1.00 



^Intermediate values may be interpo- 
lated. 



mation on mixed-use buildings, 
see page 368. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 ft = 304.8 mm, 1 sq ft = 0.0929 m^ 





Gomhustible 




Ordinary 






Wood Light Frame 




1-Hour 


Unprotected 


Mill 


1-Hour 


Unprotected 




(page 382) 


(page 382) 


(page 382) 


(page 384) 


(page 384) 




Type III-A 


Type III-B 


Type IV-HT 


Type V-A 


Type V-B 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




85 ' 


65 ' 


75 ' 


55 ' 


85 ' 


65 ' 


70 ' 


50 ' 


60 ' 


40 ' 












162,000 














126,000 








162,000 


54,000 












126,000 


42,000 


76,500 




162,000 


54,000 


81,000 










84,000 


28,000 


51,000 


17,000 


108,000 


36,000 


54,000 


18,000 


33,000 






56,000 


14,000 


34,000 


8,500 


72,000 


18,000 


36,000 


9,000 


22,000 


5,500 




42,000 


14,000 


25,500 


8,500 


54,000 


18,000 


27,000 


9,000 


16,500 





This table was compiled from information contained in the International Building Code 2009. 
It does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 
IBC NOMENCLATURE 



MAXIMUM HEIGHT 
IN FEET 



HEIGHT IN STORIES 
ABOVE GRADE AND 
MAXIMUM AREA IN 
SQ FT FOR ALL 
FLOORS 



U 

n 

g 

H! 



H! 

Q 



S 

U 

U 

S 



MAXIMUM AREA 
IN SQ FT FOR ANY 
SINGLE FLOOR OF 
A MULTISTORY 
BUILDING 
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HOW TO USE THE TABLES 
OF HEIGHT AND AREA 
LIMITATIONS FOR THE 
NATIONAL BUILDING CODE OF 
CANADA 



1. Be sure you are consulting the 
tables for the proper building code. 
If you are not sure which code you 
are working under, see pages 5-6 
and 13. 

2. The Occupancy classification is 
given at the upper left-hand cor- 
ner of the table. If you are not sure 
about the Occupancy into which 
your building falls, consult the 
indexes on pages 15-17. 

3. Noncombustible Construction 
Types are tabulated on the left-hand 
page. Combustible Construction 
Types on the right-hand page. 

4. Each pair of columns represents 
one Construction Type. For specific 
information on the different materi- 
als and modes of construction that 
conform to that Construction Type, 
follow the page reference given 
here. 

5. For each Construction Type, the 
paired columns tabulate height and 
area information for both buildings 
fully sprinklered throughout (Spr) 
and buildings unsprinklered or 
only partially sprinklered (Unspr). 

6. The significance of the floor area 
numbers in the chart, which varies 
from one model code to another, 
is explained at the lower left-hand 
corner. 



NATIONAL BUILDING CODE OF CANADA 



OCCUPANCY D; BUSINESS 
AND PERSONAL USES 

Special Requirements 

See also Small Buildings, page 371. 

For additional sprinkler and 
basement requirements, see page 
374. 

Excess Frontage 

For unsprinklered buildings, the 
tabulated areas below may be 
increased by 25% if the building 
faces at least two streets and by 
50% if it faces at least three. In 
unsprinklered 1- or 2-Hour Non- 
combustible Construction, a build- 



ing that is two stories in height and 
facing two or three streets may be 
of unlimited area. 

Measurements 

Height is measured as the num- 
ber of stories at grade or above, 
excluding the roof. Area is mea- 
sured as the greatest horizontal 
projection of the building above 
grade within the outside surfaces 
of exterior walls or the centerline 
of fire walls. 

Further Information 

For information on Occupancy 
classifications, see page 13. For 
information on mixed-use build- 



ings, see page 37 1 . For information 
on which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

lm2= 10.76 sqft 



OCCUPANCY D: BUSINESS AND PERSONAL USES 



CONSTRUCTION TYPE 



HEIGHT IN STORIES ABOVE UH 
GRADE AND MAXIMUM . 

AREA PER FLOOR IN m* 



► Noncombustible 


•p 2-Hour 


1-Hour 


Vi-Hour 


Unprotected 


















Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


UA 


















2,400 


7,200 


2,400 












2,880 


8,640 


2,880 












3,600 


10,800 


3,600 












4,800 


14,400 


4,800 


4,800 


1,600 


4,800 


1,600 




7,200 


UA 


7,200 


7,200 


2,400 


7,200 


2,400 




UA 


UA 


UA 


14,400 


4,800 


14,400 


4,800 



Each number in the table represents the maximum area per floor in square meters for each floor of a 
building of the indicated story height. 



Key to Abbreviations 
UA Unlimited area 

XJH Unlimited height 

NP Not permited 



Spr With sprinkler system throughout the building 
Unspr Without sprinkler system throughout the building 
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7. As an example of the use of 
this chart, a sprinklered building 
of Occupancy D, 1-Hour Noncom- 
bustible Construction, under the 
National Building Code of Canada, 
may be no more than (see shaded 
areas on chart): 

a. six stories tall 

b. with no floor larger in area 
than 7200 m^. 

8. As another example, if we wish 
to construct a three-story unsprin- 
klered building of the same 
Occupancy classification with 3150 
m^ per floor, we must use 1-Hour 
Noncombustible Construction as 
a minimum. Looking to the right 
along the same row of the chart, 
we see that the addition of sprin- 
klers would allow us to use y4-Hour 
or Unprotected Noncombustible 
Construction, Heavy Timber Con- 
struction, or 1- or y4-Hour Combus- 
tible Construction (see the shaded 
areas on the chart). By following 
the page references at the heads 
of these columns, we can deter- 
mine exactly what each of these 
Construction Types is, and proceed 
to preliminary configuration and 
sizing of the structural system we 
select. 



The reference tables appearing on the fol- 
lowing pages are for preliminary design 
purposes only. They represent the authors’ 
interpretation of certain major provisions of 
the National Building Code of Canada. No 
official interpretation has been sought from 
or granted by the National Research Council 
of Canada. For design development work 
and final preparation of building plans, you 
must consult the building codes and regula- 
tions in effect in your project’s locale. 
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OCCUPANCY A-1: 
ASSEMBLY, THEATERS 

Special Requirements 

When reading the table below, the 
following requirements apply: 

■ For buildings of 1-Hour Noncom- 
bustible, y4-Hour Noncombustible, 
or Heavy Timber Construction, the 
total occupant load may not exceed 
600. Up to 40% of the permitted 
area may be in a mezzanine or sec- 
ond story containing only nonpub- 
lic uses. 

■ For 1-Hour or %-Hour Combusti- 
ble Construction, the total occupant 
load may not exceed 300 and the 



auditorium floor must be within 5 m 
(16 ft) of grade. 

In mixed-occupancy buildings 
with an assembly seating occu- 
pancy greater than 200, the seat- 
ing area must be separated from 
adjacent areas on the same floor by 
walls with fire-resistance ratings of 
% to 1 hour. 

For additional sprinkler and 
basement requirements, see page 
374. 

Measurements 

Height is measured as the num- 
ber of stories at grade or above, 
excluding the roof. Area is mea- 
sured as the greatest horizontal 



projection of the building above 
grade within the outside surfaces 
of exterior walls or the centerline 
of fire walls. 

Further Information 

For information on Occupancy clas- 
sifications, see page 13. For infor- 
mation on mixed-use buildings, 
see page 371. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 m2 = 10.76 sq ft 



OCCUPiLNCY A-1: ASSEMBLY, THEATERS 



CONSTRUCTION TYPE 



HEIGHT IN STORIES ABOVE 
GRADE AND MAXIMUM 
AREA PER FLOOR IN m" 



1 Noncomhustible 




2-Hour 
(page 380) 


1-Hour 
(page 381) 


%-Hour 
(page 381) 


Unprotected 
(page 382) 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UA 


NP 




1 NP 




NP 


NP 


NP 




600=* 


600=* 



Each number in the table represents the maximum area per floor in square meters for each floor of a building of the 
indicated story height 



®See the accompanying text Special Requirements. 
Key to Abbreviations 



UA 


Unlimited area 


Spr 


With sprinkler system throughout the building 


UH 


Unlimited height 


Unspr 


Without sprinkler system throughout the building 


NP 


Not permited 
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CONSTRUCTION TYPE 



UH HEIGH T IN STORIES ABOVE 
g GRADE AND MAXIMUM 
„ AREA PER FLOOR IN 

0 

4 

3 

2 

1 



This table was compiled from information contained in the National Building Code of Canada 2010. 
it does not represent an official interpretation by the organization that issues this code. 




NATIONAL BUILDING CODE OF CANADA 



OCCUPANCY 
A-2: ASSEMBLY, 
MISCELLANEOUS 

Special Requirements 

When reading the table below, the 
following requirements apply: 

■ For single-story buildings of Un- 
protected Combustible Construc- 
tion, sprinklered throughout, and 
without a basement, the building 
area may be 2400 m^ (25,833 sq ft). 

■ For buildings of Unprotected 
Combustible Construction, un- 
sprinklered, and without a base- 
ment, the building area may be 
doubled, provided that the area is 
divided by 1-hour fire separations 



into compartments each not ex- 
ceeding the allowable area indicat- 
ed in the table. 

For additional sprinkler and 
basement requirements, see page 
374. 

Excess Frontage 

For unsprinklered buildings, the 
tabulated areas below may be 
increased by 25% if the building 
faces at least two streets and by 
50% if it faces at least three. 

Measurements 

Height is measured as the num- 
ber of stories at grade or above, 
excluding the roof. Area is mea- 



sured as the greatest horizontal 
projection of the building above 
grade within the outside surfaces 
of exterior walls or the centerline 
of fire walls. 

Further Information 

For information on Occupancy clas- 
sifications, see page 13. For infor- 
mation on mixed-use buildings, 
see page 371. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 m2 = 10.76 sqft 



OCCUPANCY A-2: ASSEMBLY, MISCELLANEOUS 



CONSTRUCTION TYPE 



HEIGHT IN STORIES ABOVE UH 
GRADE AND MAXIMUM 

AREA PER FLOOR INm" ® 

S 

4 

3 

2 

1 



1 Noncombustible 




2-Hour 
(page 380) 


1-Hour 
(page 381) 


3/4-Hour 
(page 381) 


Unprotected 
(page 382) 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UA 


















UA 


800 

1,600 


800 

1,600 


2,400 

4,800 


800 

1,600 


2,400 

4,800 


800 

1,600 



Each number in the table represents the maximum area per floor in square meters for each floor of a building of the 
indicated story height. 



^See the accompanying text Special Requirements. 



Key to Abbreviations 






UA 


Unlimited area 


Spr 


With sprinkler system throughout the building 


UH 


Unlimited height 


Unspr 


Without sprinkler system throughout the building 


NP 


Not permited 
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Comliustible 

Wood Light Frame 



Heavy Timber 
(page 382) 



1-Hour 
(page 384) 


%-Hour 
(page 384) 


Spr 


Unspr 


Spr 


Unspr 










2,400 

4,800 


800 

1,600 


2,400 

4,800 


800 

1,600 



Unprotected 
(page 384) 



This table was compiled from information contained in the National Building Code of Canada 2010. 
It does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 



UH HEIGHT IN STORIES ABOVE 
GRADE AND MAXIMUM 
® AREA PER FLOOR IN m" 



HEIGHT AND AREA TABLES 




NATIONAL BUILDING CODE OF CANADA 



OCCUPANCY A-3: 
ASSEMBLY, ARENAS 

Special Requirements 

When reading the table below, the 
following requirements apply: 

■ Unsprinklered buildings of 
1-Hour Noncombustible Construc- 
tion may have roofs and their sup- 
porting structure of Heavy Timber 
Construction. 

■ Buildings of 1-Hour Noncombus- 
tible Construction over 1500 m^ 
(16,146 sq ft) in area that may be 
used for exhibition or trade show 
use must be sprinklered throughout. 

■ Sprinklered buildings of 1-Hour 
Noncombustible Construction may 



have heavy timber arches for sup- 
port of long-span roofs. 

For additional sprinkler and 
basement requirements, see page 
374. 

Excess Frontage 

For unsprinklered buildings, the 
tabulated areas below may be 
increased by 25% if the building 
faces at least two streets and by 
50% if it faces at least three. 

Measurements 

Height is measured as the num- 
ber of stories at grade or above, 
excluding the roof. Area is mea- 
sured as the greatest horizontal 
projection of the building above 



grade within the outside surfaces 
of exterior walls or the centerline 
of fire walls. 

Further Information 

For information on Occupancy clas- 
sifications, see page 13. For infor- 
mation on mixed-use buildings, 
see page 371. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 m2 = 10.76 sq ft 



OCCUPANCY A-3: ASSEMBLY, ARENAS 



CONSTRUCTION TYPE 



HEIGHT IN STORIES ABOVE 
GRADE AND MAXIMUM 
AREA PER FLOOR IN 



1 Noncomhustible 




2-Hour 
(page 380) 


1-Hour 
(page 381) 


y4-Hour 
(page 381) 


Unprotected 
(page 382) 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UA 


















2,000 

4,000 


6,000“ 

12,000“ 


2,000“ 

4,000“ 


7,200 


2,400 


7,200 


2,400 



Each number in the table represents the maximum area per floor in square meters for each floor of a 
building of the indicated story height. 

“See the accompanying text Special Requirements. 

Key to Abbreviations 

UA Unlimited area Spr With sprinkler system throughout the building 

UH Unlimited height Unspr Without sprinkler system throughout the building 

NP Not permited 
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OCCUPANCY A-4: 
ASSEMBLY, OPEN-AIR 

Special Requirements 

When reading the table below, the 
following requirements apply: 

■ Buildings of Combustible Con- 
struction must have an occupant 
load of less than 1500 and must be 
separated from adjacent proper- 
ties or buildings by at least 6 m 
(20 ft). 

■ Buildings of Noncombustible 
Construction may have roofs and 
their supporting structures made of 



heavy timber without being subject 
to the limits above. 

■ Occupied areas below seating 
tiers must be sprinklered. 

For additional sprinkler and 
basement requirements, see page 
374. 

Measurements 

Height is measured as the number 
of stories at grade or above, exclud- 
ing the roof. Area is measured as 
the greatest horizontal projection of 
the building above grade within the 
outside surfaces of exterior walls or 
the centerline of fire walls. 



Further Information 

For information on Occupancy clas- 
sifications, see page 13. For infor- 
mation on mixed-use buildings, see 
page 37 1 . For information on which 
code to consult, see pages 5-6 and 
13. 

Unit Conversions 

1 m2 = 10.76 sqft 



OCCUPANCY A-4: ASSEMBLY, OPEN-AIR 







1 Noncombustible 




CONSTRUCTION TYPE 




2-Hour 
(page 380) 


1-Hour 
(page 381) 


%-Hour 
(page 381) 


Unprotected 
(page 382) 








Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




HEIGHT IN STORIES ABOVE 
GRADE AND MAXIMUM 
AREA PER FLOOR IN 


UH 

6 

5 

4 

3 

2 

1 


UA 


UA 


UA 


UA 


UA 


UA 


UA 


UA 





Each number in the table represents the maximum area per floor in square meters for each floor of a 
building of the indicated story height. 

“See the accompanying text Special Requirements. 

Key to Abbreviations 

UA Unlimited area Spr With sprinkler system throughout the building 

UH Unlimited height Unspr Without sprinkler system throughout the building 

NP Not permited 
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CONSTRUCTION TYPE 



HEIGHT IN STORIES ABOVE 
GRADE AND MAXIMUM 
AREA PER FLOOR IN 



This table was compiled from information contained in the National Building Code of Canada 2010. 
It does not represent an official interpretation by the organization that issues this code. 
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OCCUPANCY B-1: 
DETENTION 

Special Requirements 

All Occupancy B-1 Detention build- 
ings must be fully sprinklered. 

Measurements 

Height is measured as the num- 
ber of stories at grade or above, 
excluding the roof. Area is mea- 
sured as the greatest horizontal 



projection of the building above Unit Conversions 

grade within the outside surfaces , , 

, . „ , 1 m^ = 10.76 sq ft 

of exterior walls or the centerline 

of fire walls. 

Further Information 

For information on Occupancy clas- 
sifications, see page 13. For infor- 
mation on mixed-use buildings, 
see page 371. For information on 
which code to consult, see pages 
5-6 and 13. 



OCCUPANCY B-1: DETENTION 



CONSTRUCTION TYPE 



HEIGHT IN STORIES ABOVE 
GRADE AND MAXIMUM 
AREA PER FLOOR IN 



UH 

6 

5 

4 

3 

2 

1 



1 Noncombustible 




2-Hour 
(page 380) 


1-Hour 
(page 381) 


%-Hour 
(page 381) 


Unprotected 
(page 382) 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UA 


NP 




NP 


NP 


NP 


NP 


NP 




8,000 

12,000 

UA 



Each number in the table represents the maximum area per floor in square meters for each floor of a 
building of the indicated story height. 

Key to Abbreviations 



UA 


Unlimited area 


Spr 


With sprinkler system throughout the building 


UH 


Unlimited height 


Unspr 


Without sprinkler system throughout the building 


NP 


Not permited 
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Gombustible | 






Wood Light Frame | 


Heavy Timber 
(page 382) 


l-Hour 
(page 384) 


V4-Hour 
(page 384) 


Unprotected 
(page 384) 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


NP 


NP 


NP 


NP 


NP 


NP 


NP 


NP 



This table was compiled from information contained in the National Building Code of Canada 2010. 
It does not represent an official interpretation by the organization that issues this code. 



CONSTRUCTION TYPE 



UH HEIGHT IN STORIES ABOVE 
GRADE AND MAXIMUM 
° AREA PER FLOOR IN m" 
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OCCUPANCY B-2: 
MEDICAL TREATMENT 

Special Requirements 

All Occupancy B-2 Medical Treat- 
ment buildings must be fully sprin- 
klered. 

Measurements 

Height is measured as the num- 
ber of stories at grade or above, 
excluding the roof. Area is mea- 



sured as the greatest horizontal 
projection of the building above 
grade within the outside surfaces 
of exterior walls or the centerline 
of fire walls. 



Unit Conversions 

1 m2 = 10.76 sq ft 



Further Information 

For information on Occupancy clas- 
sifications, see page 13. For infor- 
mation on mixed-use buildings, 
see page 371. For information on 
which code to consult, see pages 
5-6 and 13. 



OCCUPANCY B-2: MEDICAL TREATMENT 



CONSTRUCTION TYPE 



HEIGHT IN STORIES ABOVE 
GRADE AND MAXIMUM 
AREA PER FLOOR IN 



UH 

6 

5 

4 

3 

2 

1 



1 Noncomhustible 




2-Hour 
(page 380) 


1-Hour 
(page 381) 


y4-Hour 
(page 381) 


Unprotected 
(page 382) 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UA 


NP 


8,000 

12,000 

UA 


NP 


1,600 

2,400 


NP 


500 


NP 





Each number in the table represents the maximum area per floor in square meters for each floor of a 
building of the indicated story height. 



Key to Abbreviations 
UA Unlimited area 

UH Unlimited height 

NP Not permited 



Spr With sprinkler system throughout the building 

Unspr Without sprinkler system throughout the building 
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OCCUPANCY B-3: CARE 

Special Requirements 

All Occupancy B-3 Care buildings 
must be fully sprinklered. 

In buildings that are not more 
than three stories in height and 
housing not more than 10 occupants, 
NFPA 13R (residential) sprinkler 
systems are permitted. In buildings 
that are not more than three stories 
in height, with not more than two 
care suites and not more than five 
occupants total, NFPA 13D (one- 



and two-family dwelling) sprinkler 
systems are permitted. For more 
information on these sprinkler sys- 
tem types, see page 258. 

For other sprinkler and base- 
ment requirements, see page 374. 

Measurements 

Height is measured as the number 
of stories at grade or above, exclud- 
ing the roof. Area is measured as 
the greatest horizontal projection of 
the building above grade within the 
outside surfaces of exterior walls or 
the centerline of fire walls. 



Further Information 

For information on Occupancy 
classifications, see page 13. For 
information on mixed-use build- 
ings, see page 371. For informa- 
tion on which code to consult, see 
pages 5-6 and 13. 

Unit Conversions 

1 m2 = 10.76 sq ft 



OCCUPANCY B-3: CARE 



CONSTRUCTION TYPE 



HEIGHT IN STORIES ABOVE 
GRADE AND MAXIMUM 
AREA PER FLOOR IN 



UH 

6 

5 

4 

3 

2 

1 



1 Noncomhustible 




2-Hour 
(page 380) 


1-Hour 
(page 381) 


^/4-Hour 
(page 381) 


Unprotected 
(page 382) 




Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




UA 


NP 


8,000 

12,000 

UA 


NP 


1,600 

2,400 


NP 


600 


NP 





Each number in the table represents the maximum area per floor in square meters for each floor of a 
building of the indicated story height. 

Key to Abbreviations 



UA 


Unlimited area 


Spr 


With sprinkler system throughout the building 


UH 


Unlimited height 


Unspr 


Without sprinkler system throughout the building 


NP 


Not permited 
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OCCUPANCY C: 
RESIDENTIAL 

Special Requirements 

When reading the table below, the 
following requirements apply: 

■ For preliminary design pur- 
poses, assume that floors within 
individual dwelling units must be 
1-hour fire-resistance rated and 
that individual dwelling units must 
be separated from other areas with 
1-hour rated assemblies. See the 
code for details. 

■ In buildings of four stories or less, 
where dwelling units occur only 
side by side and never one above 



the other, floors within individual 
dwelling units may be of Unpro- 
tected Construction. 

In buildings of Residential 
Occupancy throughout and that 
are not more than four stories in 
height, NFPA 13R (residential) 
sprinkler systems are permitted 
in lieu of NFPA 13 (commercial) 
systems. In buildings that are not 
more than three stories in height, 
with not more than two dwelling 
units, NFPA 13D (one- and two- 
family dwelling) sprinkler systems 
are permitted. For more informa- 
tion on these sprinkler system 
types, see page 258. 



See also Small Buildings, page 

371. 

For additional sprinkler and 
basement requirements, see page 
374. 

Excess Frontage 

For unsprinklered buildings, the 
tabulated areas below may be 
increased by 25% if the building 
faces at least two streets and by 
50% if it faces at least three streets. 
In unsprinklered 1- or 2-Hour Non- 
combustible Construction, a build- 
ing that is two stories in height and 
facing two or three streets may be 
of unlimited area. 



OCCUPANCY C: RESIDENTIAL 





1 Noncombustible 




CONSTRUCTION TYPE 


2-Hour 


1-Hour 


%-Hour 


Unprotected 






(page 380) 


(page 381) 


(page 381) 


(page 382) 






Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




HEIGHT IN STORIES ABOVE UH 


UA 


















GRADE AND MAXIMUM 






6,000 














AREA PER FLOOR IN 


















5 






7,200 














4 






9,000 














3 




4,000 


12,000 


4,000 


1,800 


600 








2 




6,000 


UA 


6,000 


2,700 


900 








1 




UA 


UA 


UA 


5,400 


1,800 


NP 


NP 





Each number in the table represents the maximum area per floor in square meters for each floor of a 
building of the indicated story height. 

Key to Abbreviations 



UA 


Unlimited area 


Spr 


With sprinkler system throughout the building 


UH 


Unlimited height 


Unspr 


Without sprinkler system throughout the building 


NP 


Not permited 
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Measurements Unit Conversions 

Height is measured as the num- 1 = 10.76 sq ft 

ber of stories at grade or above, 
excluding the roof. Area is mea- 
sured as the greatest horizontal 
projection of the building above 
grade within the outside surfaces 
of exterior walls or the centerline 
of fire walls. 

Further Information 

For information on Occupancy 
classifications, see page 13. For 
information on mixed-use build- 
ings, see page 371. For informa- 
tion on which code to consult, see 
pages 5-6 and 13. 



CONSTRUCTION TYPE 

UH HEIGHT IN STORIES ABOVE 
GRADE AND MAXIMUM 

° AREA PER FLOOR IN m" 

5 

4 
3 
2 
1 

This table was compiled from information contained in the National Building Code of Canada 2010. 

It does not represent an official interpretation by the organization that issues this code. 
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OCCUPANCY D: BUSINESS 
AND PERSONAL USES 

Special Requirements 

See also Small Buildings, page 37 1 . 

For additional sprinkler and 
basement requirements, see page 
374. 

Excess Frontage 

For unsprinklered buildings, the 
tabulated areas below may be 
increased by 25% if the building 
faces at least two streets and by 
50% if it faces at least three. In 
unsprinklered 1- or 2-Hour Non- 
combustible Construction, a build- 



ing that is two stories in height and 
facing two or three streets may be 
of unlimited area. 

Measurements 

Height is measured as the num- 
ber of stories at grade or above, 
excluding the roof. Area is mea- 
sured as the greatest horizontal 
projection of the building above 
grade within the outside surfaces 
of exterior walls or the centerline 
of fire walls. 

Further Information 

For information on Occupancy 
classifications, see page 13. For 
information on mixed-use build- 



ings, see page 37 1 . For information 
on which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 m2 = 10.76 sq ft 



OCCUPANCY D: BUSINESS AND PERSONAL USES 





1 Noncombustible 




CONSTRUCTION TYPE 


2 -Hour 


1-Hour 


V4-Hour 


Unprotected 






(page 380) 


(page 381) 


(page 381) 


(page 382) 






Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




HEIGHT IN STORIES ABOVE UH 


UA 


















GRADE AND MAXIMUM 




2,400 


7,200 


2,400 












AREA PER FLOOR IN 














5 




2,880 


8,640 


2,880 












4 




3,600 


10,800 


3,600 












3 




4,800 


14,400 


4,800 


4,800 


1,600 


4,800 


1,600 




2 




7,200 


UA 


7,200 


7,200 


2,400 


7,200 


2,400 




1 




UA 


UA 


UA 


14,400 


4,800 


14,400 


4,800 





Each number in the table represents the maximum area per floor in square meters for each floor of a 
building of the indicated story height. 



Key to Abbreviations 
UA Urtlimited area 

UH Urtlimited height 

NP Not permited 



Spr With sprinkler system throughout the building 

Unspr Without sprinkler system throughout the building 
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Heavy Timlier 
(page 382) 



1-Hour 
(page 384) 



Comliustible 

Wood Light Frame 
%-Hour 
(page 384) 



Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 






3,600 








4,800 


1,600 


3,600 


1,600 


4,800 


1,600 


7,200 


2,400 


3,600 


2,400 


7,200 


2,400 


14,400 


4,800 


3,600 


4,800 


14,400 


4,800 



Unprotected 
(page 384) 

Spr I Unspr 



CONSTRUCTION TYPE 



UH HEIGHT IN STORIES ABOVE 
GRADE AND MAXIMUM 
° AREA PER FLOOR IN m" 



This table was compiled from information contained in the National Building Code of Canada 2010. 
It does not represent an official interpretation by the organization that issues this code. 
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OCCUPANCY E: 
MERCANTILE 

Special Requirements 

For Small Buildings, see page 371. 

For additional sprinkler and 
basement requirements, see page 
374. 

Excess Frontage 

For unsprinklered buildings, the 
tabulated areas below may be 
increased by 25% if the building 
faces at least two streets and by 
50% if it faces at least three. 



Measurements Unit Conversions 

Height is measured as the number 1 m^ = 10.76 sq ft 
of stories at grade or above, exclud- 
ing the roof. Area is measured as 
the greatest horizontal projection of 
the building above grade within the 
outside surfaces of exterior walls or 
the centerline of fire walls. 

Further Information 

For information on Occupancy 
classifications, see page 13. For 
information on mixed-use build- 
ings, see page 371. For informa- 
tion on which code to consult, see 
pages 5-6 and 13. 



OCCUPANCY E: MERCANTILE 





Noncombustible 




CONSTRUCTION TYPE 


2-Hour 


1-Hour 


V4-Hour 


Unprotected 






(page 380) 


(page 381) 


(page 381) 


(page 382) 






Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




HEIGHT IN STORIES ABOVE UH 


UA 


















GRADE AND MAXIMUM 




















AREA PER FLOOR IN 

5 




















4 






1,800 














3 




800 


1,800 


800 


2,400 


800 








2 




1,200 


1,800 


1,200 


3,600 


1,200 








1 




1,500 


1,800 


1,500 


7,200 


1,500 


NP 


NP 





Each number in the table represents the maximum area per floor in square meters for each floor of a 
building of the indicated story height. 



Key to Abbreviations 
UA Unlimited area 

UH Unlimited height 

NP Not permited 



Spr With sprinkler system throughout the building 

Unspr Without sprinkler system throughout the building 
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Heavy Timber 
(page 382) 

Spr I Unspr 



1-Hour 
(page 384) 

Spr I Unspr 



Combustible 

Wood Light Frame 
%-Hour 
(page 384) 

spr Spr I Unspr 



Unprotected 
(page 384) 

Spr I Unspr 



CONSTRUCTION TYPE 



UH HEIGHT IN STORIES ABOVE 
GRADE AND MAXIMUM 
° AREA PER FLOOR IN m" 







1,800 








2,400 


800 


1,800 


800 


2,400 


800 


3,600 


1,200 


1,800 


1,200 


3,600 


1,200 


7,200 


1,500 


1,800 


1,500 


7,200 


1,500 



This table was compiled from information contained in the National Building Code of Canada 2010. 
It does not represent an official interpretation by the organization that issues this code. 
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OCCUPANCY F-1: 

INDUSTRIAL, 

HIGH-HAZARD 

Special Requirements 

Provincial or other local regula- 
tions may alter sprinkler require- 
ments for buildings of this occu- 
pancy classification. 

For additional sprinkler and 
basement requirements, see page 
374. 



Measurements 

Height is measured as the num- 
ber of stories at grade or above, 
excluding the roof. Area is mea- 
sured as the greatest horizontal 
projection of the building above 
grade within the outside surfaces 
of exterior walls or the centerline 
of fire walls. 

Further Information 

For information on Occupancy clas- 
sifications, see page 13. For infor- 



mation on mixed-use buildings, 
see page 371. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 m2 = 10.76 sq ft 



OCCUPANCY F-1: INDUSTRIAL, HIGH HAZARD 







1 Noncombustible 




CONSTRUCTION TYPE 




2-Hour 
(page 380) 


1-Hour 
(page 381) 


%-Hour 
(page 381) 


Unprotected 
(page 382) 








Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




HEIGHT IN STORIES ABOVE 
GRADE AND MAXIMUM 
AREA PER FLOOR IN 


UH 

6 

5 






















4 


2,250 




















3 


3,000 




1,200 




1,200 












2 


4,500 




1,800 




1,800 




1,200 








1 


9,000 


800 


3,600 


800 


3,600 


800 


2,400 


800 





Each number in the table represents the maximum area per floor in square meters for each floor of a 
building of the indicated story height. 



Key to Abbreviations 



UA 


Unlimited area 


Spr 


With sprinkler system throughout the building 


UH 


Unlimited height 


Unspr 


Without sprinkler system throughout the building 


NP 


Not permited 
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OCCUPANCY F-2: 

INDUSTRIAL, 

MEDIUM-HAZARD 

Special Requirements 

For Small Buildings, see page 371. 

For additional sprinkler and 
basement requirements, see page 
374. 

Excess Frontage 

For unsprinklered Noncombustible 
Unprotected Construction build- 
ings, the tabulated areas below 
may be increased by 25% if the 
building faces at least two streets 
and by 50% if it faces at least three 
streets. For all other unsprinklered 



buildings, the tabulated building 
area may be modified for three- 
story buildings only, such that when 
the building faces two streets, the 
building area may be 1340 m^ 
(14,424 sq ft), and when it faces 
three streets, the building area may 
be 1500 m^ (16,146 sq ft). 

Measurements 

Height is measured as the num- 
ber of stories at grade or above, 
excluding the roof. Area is mea- 
sured as the greatest horizontal 
projection of the building above 
grade within the outside surfaces 
of exterior walls or the centerline 
of fire walls. 



Further Information 

For information on Occupancy clas- 
sifications, see page 13. For infor- 
mation on mixed-use buildings, see 
page 37 1 . For information on which 
code to consult, see pages 5-6 and 
13. 

Unit Conversions 

1 m2 = 10.76 sq ft 



OCCUPANCY F-2: INDUSTRIAL, MEDIUM HAZARD 





1 Noncombustible 




CONSTRUCTION TYPE 


2-Hour 


1-Hour 


V4-Hour 


Unprotected 






(page 380) 


(page 381) 


(page 381) 


(page 382) 






Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




HEIGHT IN STORIES ABOVE UH 


UA 


















GRADE AND MAXIMUM 3 




















AREA PER FLOOR IN 

5 




















4 






4,500 




2,400 










3 




1,070 


6,000 


1,070 


3,200 


1,070 








2 




1,500 


9,000 


1,500 


4,800 


1,500 


1,800 


600 




1 




1,500 


18,000 


1,500 


9,600 


1,500 


4,500 


1,000 





Each number in the table represents the maximum area per floor in square meters for each floor of a 
building of the indicated story height. 



Key to Abbreviations 
UA Unlimited area 

UH Unlimited height 

NP Not permited 



Spr With sprinkler system throughout the building 

Unspr Without sprinkler system throughout the building 
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OCCUPANCY F-3: 

INDUSTRIAL, 

LOW-HAZARD 

Special Requirements 

In addition to the information on 
height and area limits provided in 
the table below: 

■ A single-story unsprinklered 
building of Unprotected Non- 
combustible or %-Hour Combus- 
tible Construction may be 7200 m^ 
(77,500 sq ft) in area. 

■ A single-story unsprinklered 
building of Unprotected Noncom- 
bustible or Heavy Timber Construc- 
tion may be 5600 m^ (60,278 sq ft) in 
area if the building faces one street, 
7000 m^ (75,347 sq ft) if it faces two 
streets, and 8400 m^ (90,417 sq ft) if 
it faces three streets. 



■ A single-story sprinklered build- 
ing of Unprotected Noncombustible 
or Heavy Timber Construction may 
be 16,800 m^ (180,834 sq ft) in area. 

See also Small Buildings, page 

371. 

For additional sprinkler and 
basement requirements, see page 
374. 

Vehicle Parking Garages 

For enclosed parking garages, 
which rely on mechanical ventila- 
tion to prevent the accumulation of 
exhaust gasses, and for naturally 
ventilated open parking garages 
with other occupancies above, use 
the height and area tables on these 
two facing pages. For open parking 
garages without other occupancies 
above, use either the tables on 
these two facing pages or those on 



pages 470-471 for Occupancy F-3: 
Open-iUr Garages. 

The minimum clear height 
within parking garage tiers is 2 
m (6 feet 7 inches). Every story 
of a below-grade garage must be 
sprinklered, except when the story 
is open-air. For more information 
on the design of parking facilities, 
see Designing for Parking, begin- 
ning on page 327. 

For wall opening and build- 
ing separation distance require- 
ments for open parking garages, 
see page 345. For special height 
and area provisions for mixed-use, 
below-grade parking with other 
occupancies above, see page 371. 
For parking garages serving single 
dwelling units in small buildings, 
see page 371. 



OCCUPANCY F-3: INDUSTRIAL, LOW HAZARD 





Noncombustible 




CONSTRUCTION TYPE 


2-Hour 


1-Hour 


%-Hour 


Unprotected 






(page 380) 


(page 381) 


(page 381) 


(page 382) 






Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




HEIGHT IN STORIES ABOVE UH 


UA 


















GRADE AND MAXIMUM 




















AREA PER FLOOR IN 




2,400 


7,200 


2,400 












5 




2,880 


8,640 


2,880 












4 




3,600 


10,800 


3,600 


3,600 


1,200 


3,600 


1,200 




3 




4,800 


14,400 


4,800 


4,800 


1,600 


4,800 


1,600 




2 




7,200 


21,600 


7,200 


7,200 


2,400 


7,200 


2,400 




1 




UA 


UA 


UA 


14,400 


4,800 


14,400* 


4800* 





Each number in the table represents the maximum area per floor in square meters for each floor of a 
building of the indicated story height. 

“See the accompanying text Special Requirements. 

Key to Abbreviations 

UA Unlimited area Spr With sprinkler system throughout the building 

UH Unlimited height Unspr Without sprinkler system throughout the building 

NP Not permited 
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Unlimited Area Buildings 

A single-story unsprinklered build- 
ing of any Noncombustible Con- 
struction Type may be of unlimited 
area, provided that it is used for 
low-fire-hazard activities, such as 
power generation or the manufac- 
ture and storage of noncombustible 
materials. 

Excess Frontage 

For unsprinklered buildings, the 
tabulated areas below may be 
increased by 25% if the building 
faces at least two streets and by 
50% if it faces at least three. 

Measurements 

Height is measured as the num- 
ber of stories at grade or above, 
excluding the roof. Area is mea- 



sured as the greatest horizontal 
projection of the building above 
grade within the outside surfaces 
of exterior walls or the centerline 
of fire walls. 

Further Information 

For information on Occupancy clas- 
sifications, see page 13. For infor- 
mation on mixed-use buildings, 
see page 371. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 m2 = 10.76 sqft 




Combustible 






Wood Light Frame 


Heavy Timber 
(page 382) 


1-Hour 
(page 384) 


%-Hour 
(page 384) 


Unprotected 
(page 384) 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


















3,600 


1,200 


3,600 


1,200 


3,600 


1,200 






4,800 


1,600 


4,800 


1,600 


4,800 


1,600 






7,200 


2,400 


7,200 


2,400 


7,200 


2,400 






14,400“ 


4800“ 


14,400 


4,800 


14,400 


4800“ 


NP 


NP 



UH 

6 

5 

4 

3 

2 

1 



CONSTRUCTION TYPE 



HEIGHT IN STORIES ABOVE 
GRADE AND MAXIMUM 
AREA PER FLOOR IN 



This table was compiled from information contained in the National Building Code of Canada 2010. 
It does not represent an official interpretation by the organization that issues this code. 
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OCCUPANCY F-3: 
OPEN-AIR GARAGES 

Special Requirements 

Garages, as shown in the table 
below, may not be more than 22 m 
(72 ft) high, measured from grade 
to the underside of the top-level 
ceiling; may have no other occu- 
pancy above; and may have no 
point on any floor that is more than 
60 m (197 ft) from an exterior wall 
opening. For garages that do not 
meet these criteria, see the height 
and area requirements for Occu- 



pancy F-3, Industrial, Low Hazard, 
pages 468-469. 

For wall opening and build- 
ing separation distance require- 
ments for open parking garages, 
see page 345. 

The minimum vertical clear 
height within parking garage tiers 
is 2 m (6 feet 7 inches). For more 
information on the design of park- 
ing facilities, see Designing for 
Parking, beginning on page 327. 

Measurements 

Area is measured as the greatest 
horizontal projection of the build- 



ing above grade within the outside 
surfaces of exterior walls or the 
centerline of fire walls. 

Further Information 

For information on Occupancy clas- 
sifications, see page 13. For infor- 
mation on mixed-use buildings, 
see page 371. For information on 
which code to consult, see pages 
5-6 and 13. 

Unit Conversions 

1 m2 = 10.76 sq ft 



OCCUPANCY F-3: OPEN AIR GARAGES 





1 Noncombustible 




CONSTRUCTION TYPE 


2-Houx 
(page 380) 


1-Hour 
(page 381) 


y 4 -Hour 
(page 381) 


Unprotected 
(page 382) 






Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 


Spr 


Unspr 




HEIGHT IN METERS ABOVE 




















GRADE AND MAXIMUM 
AREA PER FLOOR IN m" 


10,000 

10,000 


10,000 

10,000 


10,000 

10,000 


10,000 

10,000 


10,000 

10,000 


10,000 

10,000 


10,000 

10,000 


10,000 

10,000 






10,000 


10,000 


10,000 


10,000 


10,000 


10,000 


10,000 


10,000 






10,000 


10,000 


10,000 


10,000 


10,000 


10,000 


10,000 


10,000 






10,000 


10,000 


10,000 


10,000 


10,000 


10,000 


10,000 


10,000 






10,000 


10,000 


10,000 


10,000 


10,000 


10,000 


10,000 


10,000 





Each number in the table represents the maximum area per floor in square meters for each floor of a 
building of the indicated story height. 

Key to Abbreviations 



UA 


Unlimited area 


Spr 


With sprinkler system throughout the building 


UH 


Unlimited height 


Unspr 


Without sprinkler system throughout the building 


NP 


Not permited 
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AREA PER FLOOR IN 



This table was compiled from information contained in the National Building Code of Canada 2010. 
It does not represent an official interpretation by the organization that issues this code. 




APPENDIX A 

EXAMPLE USE OF THIS BOOK 



ihe following example illustrates 
the use of this book to complete the 
preliminary design of a building’s 
technical systems. For a more brief 
explanation of approaches to using 
this text, see How to Use This Book, 
page ix. 

THE PROBLEM 

You are beginning the design of 
a suburban office building on a 
large site in the Midwestern United 
States. Preliminary design assump- 
tions are: 

■ A three-story structure 

■ A building area of 86,000 sq ft 
per floor 

■ Structural column bays 30 X 34 
ft, to work well with office furniture 
system modules 

■ A floor-to-ceiling height of about 
9'-6" 

■ A fully sprinklered building. 

BUILDING CODE AND 
OCCUPANCY 

We refer first to Designing with 
Building Codes. On page 5, 
we determine that our build- 
ing should be designed to the 
requirements of the International 
Building Code. Referring to the 
Index of Occupancies on page 
9, we see that Business Offices 
are classified as Occupancy B. To 
learn more about this Occupancy 
B, Business, we also review its 
description on page 6 and verify 
that this is the appropriate choice 
for our project. 



BUILDING HEIGHT AND 
AREA LIMITS 

Next, we refer to the introductory 
material on building code height 
and area limitations beginning on 
page 366. Reading from the table 
on that page, we note that require- 
ments for International Building 
Code Occupancy B buildings can 
be found on pages 398-399. Turning 
to these pages, we see that the area 
figures provided in the table are for 
all floors of a building. The total area 
of our proposed building is 258,000 
sq ft (86,000 sq ft per floor X 3 
floors). Reading from the table, we 
determine that our building must 
use at least sprinklered Type II-A 
1-Hour Construction. 



CONSTRUCTION TYPE 

Following the page references in 
the height and area table for Type 
II-A Construction, we turn to page 
381 and determine that we can use 
any of the following construction 
methods: 

■ Structural steel with 1 hour of fire 
protection 

■ Sitecast concrete or precast con- 
crete, with minimum sizes of com- 
ponents as noted in the text 

■ Light gauge steel 

■ Masonry 

SELECTING A 
STRUCTURAL SYSTEM 

We turn to pages 24r-35 for advice 
on selecting a structural system. 
Light gauge steel and masonry are 
rejected because of the long spans 
required for our design. Other fac- 
tors that seem most important for 
this project are minimizing erec- 



tion time during construction and 
providing concealed spaces for 
mechanical and electrical services, 
which will be large and complex in 
this building. We decide to proceed 
with structural steel, which satisfies 
these requirements and tends to be 
economical in the location where we 
are building. On page 31, we verify 
that structural steel can easily span 
the 30 X 34-ft dimensions assumed 
for our standard structural bay. 



Reviewing pages 39-47, we deter- 
mine that our structure should 
be a column and beam system. 
Economical options for achieving 
lateral stability include a shear waU, 
a braced frame, or a system using 
semirigid joints in combination with 
one of the former choices. With these 
options, we are satisfied that we will 
be able to include the necessary ele- 
ments to achieve lateral stability in 
our structure without difficulty. 

SIZING THE STRUCTURAL 
SYSTEM 

Columns 

The page references at the top of 
the chart on pages 28-29 direct us 
to pages 96-104 for information on 
sizing steel structures. After review- 
ing the introductory information on 
page 91, we turn to pages 96-97 
for the sizing of structural steel col- 
umns. A ground floor column is the 
most critical, as it supports a total 
tributary area of two floors plus 
one roof times the size of a column 473 
bay, or 3060 sq ft (three levels X 30 
ft X 34 ft). 



CONFIGURING THE 
STRUCTURAL SYSTEM 
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The normal-height column 
chart on page 97 indicates that a W8 
or WIO column is required. Noting 
on page 32 that office building 
structures are subjected to light to 
medium live loads, we will assume 
a W8 column for preliminary design 
purposes and note its dimensions 
as 8 by 8 in. On upper floors, we 
will assume that a lighter-weight 
version of the W8 shape is used. 
Maintaining the same nominal size 
will simplify connections between 
column sections. (Alternatively, 
our fabricator and erector may opt 
to use a single piece, three stories 
high, for each column.) 

Decking 

Next, we turn to pages 100-101 for 
steel floor and roof decking, and 
determine that decking spans in the 
range of 6 to 15 ft are most practi- 
cal. We will return to these pages to 
determine the final floor slab thick- 
ness after we investigate further the 
firaming of beams and girders. 

Bay Framing and Floor Slab 

Turning to page 102, we look at a 
beam and girder framing and note 
the recommendation to span girders 
the short direction of the structural 
bay, or, in our case, in the 30-ft direc- 
tion. For beam spacing, we consider 
placing beams at third points along 
the girder, resulting in a beam spac- 
ing of 10 ft. Returning to page 101, 
we see that this requires us to use 
2-in. metal decking with a total slab 
depth of 4/4 to 5 in., including the 
concrete topping. Reading from the 
lower chart on the same page, we 
choose 2-in. -deep roof decking. 

Alternatively, we could consider 
placing beams at girder quarter 
points, resulting in a beam spacing 
of 714 ft. In this case, returning to 
page 101, we see that we can use 
I'A in. metal decking with a total 
slab depth of about 4 in. Later in 

the design process, we will ask our 

structural engineer to consider the 
economics of both of these options. 



Sizing of Beams and 
Girders 

Next, we turn to pages 102-103 for 
the sizing of beams and girders. 
Reading from the chart, we see that 
beams spanning 34 ft will need to 
be 18 or 21 in. deep. TUternatively, 
with composite construction, this 
depth could perhaps be reduced to 
about 16 in. We decide on an 18-in.- 
deep beam. Girders spanning 30 ft 
need to be 18 to 21 in. deep. We will 
use a lighter- weight, deeper 21 -in. 
section to facilitate the connection 
with the 18-in.-deep beams. 



TO SUMMARIZE 

■ Structural bay: 30 X 34 ft 

■ Girders: 21-in.-deep, span 30 ft 

■ Beams: 18 in. deep, span 34 ft, 
spacing 10 ft 

■ Decking: 2 in. deep, 5-in. -deep 
total floor slab 

■ Columns: 8 X 8 in. 



DAYLIGHTING 

We wish to investigate how the use 
of daylighting may affect the shape 
of our building. Using the tabs on 
the page edges, we quickly find the 
section. Designing with Daylight. On 
page 143, we determine that our 
site is open and does not have any 
significant obstructions to daylight. 
On page 145, we note that an elon- 
gated plan that puts work areas with- 
in approximately 30 ft of windows 
is recommended. This is further 
explained on page 146. Considering 
our building, if it were two bays at 
30 ft wide each, or 60 ft wide total, it 
would be 1400 ft long, over a quar- 
ter of a mile. Alternatively, we could 
build to four or five stories, or we 
could arrange the plan of the build- 
ing with many branches, as illus- 
trated in the plan diagrams. 

On a more detailed level, we 
note that light shelves could help 
to control light distribution (pages 



151-152), and that we should try 
to keep window heads as high 
as possible (page 153). On the 
uppermost floor, toplighting may 
be a good option to consider. 

In conclusion, we will explore 
building designs as long and 
slender as practical in order to 
place the largest number of workers 
within daylit distance of outside 
walls. We will also keep window 
heads as high as possible. After the 
building design has progressed 
further and basic floor plans and 
sections have been prepared, we 
will return to this section to carry 
the daylighting design further. 



MECHANICAL AND 
ELECTRICAL EQUIPMENT 

HVAC Systems 

We turn to page 160 to begin the 
design of our mechanical and elec- 
trical systems. Typical choices of 
HVAC systems are given on pages 
164-165. For office buildings, VAV, 
VAV induction, multizone, and 
hydronic convectors are listed as 
recommended options. We will 
have plenty of space for ductwork, 
which rules out the need for VAV 
induction. A multizone system is too 
complex for this simple, economi- 
cal building. Hydronic convectors 
are an auxiliary system that we may 
wish to use in conjunction with VAV. 
We select VAV 

We also turn to pages 217-221 
to read about passive heating and 
cooling systems. Based on the 
climate conditions in our project 
location and our decision to adopt 
a relatively slender, elongated 
building form, we decide that 
it might be possible to provide 
natural ventilation cooling to 
building occupants during the off- 
peak spring and fall seasons. We 
make a note to bring this idea to our 
first meeting with our mechanical 
engineer, where it can be explored 
in greater detail. 
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Returning to the design of 
our primary heating and cooling 
system, we go to pages 168-169, 
which describe a VAV system 
and its variants and list the major 
components of the system for 
which we must find space. VAV box 
dimensions are given here, but the 
sizes of the rest of the components 
will be found elsewhere in this 
section. 

Can we use a packaged system? 
Suppose that we want to restrict 
duct runs to 120 ft for economy of 
operation. This means that each fan 
room or packaged unit can service 
an area 240 ft long (ducts run in two 
opposite directions). For a building 
1400 ft long, we would need six 
zones, each with its own fan room 
or packaged unit. Each zone 
would contain 43,000 sq ft on three 
floors (258,000 sq ft /six zones). 
Consulting the sizing chart on page 
2 10, to which we are referred by the 
note on page 169, we discover that 
these zones are too large for the 
largest single-packaged unit. 

Proceeding with a fan room 
solution, we turn to the chart on page 
212 to determine the sizes of major 
components of the air handling 
system. We assume one fan room per 
zone, serving all three floors in that 
zone. We read from this chart that for 
a floor area of 43,000 sq ft, 50,000 
cfm of air is required for cooling. 
Main supply and return ducts wiU 
total about 30 sq ft each. If on each 
floor two main supply ducts are used, 
each duct will have to be about 5 sq 
ft (30 sq ft / three floors / two ducts 
per floor) in area. At a depth of 18 in., 
each duct will be about 3'A ft wide. 
Branch ducts will total about 50 sq ft 
in area for all three floors. 

Reading further down on the 
same chart, each fan room will 
occupy about 1500 sq ft of floor 
area, and will need about 130 sq ft 
of fresh air louver and about 100 sq 
ft of exhaust air louver. To minimize 
the ductwork for these items, we 
will try to locate fan rooms as 



close as possible to outside wall 
locations. Pages 184-185 give 
additional information on fan rooms 
and ductwork arrangements. 

Returning to the chart on page 
210, we determine that each zone 
requires 130 tons of cooling and a 
mechanical room for the boiler and 
chiller 1000 sq ft in area. On page 
180 is a more detailed description 
of this facility. Note the need for a 
chimney. In addition, 200 sq ft of the 
roof will be occupied by a cooling 
tower, as shown and described on 
page 181. 



PLENUM SPACE AND 

FLOOR-TO-FLOOR 

HEIGHT 

Assuming that most horizontal dis- 
tribution of services will be above 
the ceiling, we need to determine 
the depth of the plenum. Page 208 
tells us that we need 20 in. of ple- 
num height beneath the girders. 
We have previously determined that 
the girders will be 21 in. deep and 
the floor slab and decking 5 in. 
deep, for a total of 26 in. Adding the 
depths of structure and plenum, we 
arrive at a total depth of 46 in., or 3 
ft 10 in. 

A ceiling height of about 9 ft 6 
in. is desired. Adding the 3 ft 10 in. 
plenum to this, we arrive at a floor- 
to-floor height of about 13 ft 4 in. 



BUILDING EGRESS AND 
CIRCULATION 

Again starting with the page-edge 
index marks, we go to pages 265- 
280 for general definitions and 
guidance on egress layout. 

Occupant Load 

To size the egress components, we 
need to know the occupant load 
of the building. This is found using 
page 299. For a business use, an 
occupant load of 100 sq ft per 
occupant is specified. Thus, the 



egress system on each floor must 
be designed to accommodate 860 
occupants (86,000 sq ft per floor/ 100 
sq ft per occupant). 



Egress System 

On page 272, we find that we must 
provide a minimum of three exits 
from each floor. If the building is 
1400 ft long, three exits will give a 
maximum travel distance of 350 ft. 
On page 300, we see that the maxi- 
mum distance to the nearest exit 
is 300 ft in a sprinklered Business 
Occupancy building. Therefore, we 
must provide at least four exits. We 
decide that for convenience and 
safety, we will provide six exits. 

With six exits, the occupant 
load per exit is 143 (860 occupants 
per floor/six exits per floor). 
Referring to page 302, we see that 
we must provide 0.2 in. of width 
per occupant for doors, corridors, 
and ramps and 0.3 in. per occupant 
for stairs. We can either work this 
out arithmetically or use the chart 
on page 303. For example, for exit 
stairs, the required width based 
on the number of occupants is 43 
in. (143 occupants X 0.3 in. per 
occupant). But page 301 tells us 
that the stair may not be less than 
44 in. when serving more than 50 
occupants. We will use 44-in. stairs. 



Exit Stairway Design 



Now we can determine how big 
each stair tower is. We go to the Two- 
Flight Exit Stairway Design table on 
page 318. Earlier, we calculated our 
floor-to-floor height to be 1 1 ft 4 in. 
The table tells us that we will have 
20 risers at 6.80 in., with treads at 1 1 
in. The inside length of the stairway 
will be 15 ft 7 in. The width will be 
twice 44 in. plus a center space or 
wall if we wish it; we assume a 6-in. 
center wall to arrive at a width of 94 
in., or 7 ft 10 in. If we assume 8-in. 
walls around the stair, the outside 
dimensions of the stairway will be 
16 ft 11 in. by 9 ft 2 in. 
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Elevators 

Page 201 tells us that we need 
one elevator for every 35,000 sq ft 
served. Our building has 258,000 sq 
ft of floor area, but the ground floor 
does not need to be considered as 
a served floor. So the served area 
is 172,000 sq ft (Vs X 258,000 sq ft). 
Dividing 172,000 sq ft by 35,000 
sq ft yields 4.9, which we round up 
to five elevators required. We may 
want to distribute these in banks of 
two elevators each to minimize wait- 
ing times, which would require six 
elevators as a minimum. 

If we use 3000-lb elevators, 
we see from the table on the same 
page that each shaft must have at 
least 8 ft 4 in. by 7 ft 5 in. inside clear 
dimensions. If we add to this shaft 
walls 4 in. thick, the overall shaft 
dimensions are 9 ft 0 in. by 8 ft 1 in. 

As a possible energy-saving 
strategy, we decide to propose a 
machine room-less elevator system 
to our client, as explained on page 
203. Further advice on elevators 
and elevator lobbies is offered on 
the following pages. 

Accessible Routes 

Information on accessibility is pro- 
vided on pages 281-285. We note 
that accessibility requirements do 
apply to our building and that at 
least 60% of its entrances must 
be accessible. Accessible egress 
will be provided by elevators and 
stairways. As our design develops, 
we will also be sure to meet the 
requirements for minimum widths 
of accessible routes, latchside door 
clearances, and so on. 



ANCILLARY SPACES 

Transformers and 
Switchgear Rooms 

We will need one or more large 
transformers to reduce high trans- 
mission voltages to lower voltag- 
es for use in our building. Pages 



182-183 indicate that these may 
be either mounted on concrete 
pads at ground level or placed in 
transformer vaults underground. 
The sizes required for under- 
ground vaults are large, and we 
realize that pad mounting will be 
more economical. The largest floor 
area listed per transformer pad 
is 180,000 sq ft, which can serve 
more than half of the floor area of 
our building. We will look for good 
locations for at least two trans- 
former pads just outside the walls 
of the building. 

The diagrams on page 189 
indicate that each pad will require 
a switchgear room. If we use two 
transformers and switchgear 
rooms, each will serve 129,000 sq ft. 
The accompanying table shows that 
a 100,000-sq-ft building needs a 
room 30 by 20 ft in plan dimension 
by 11 ft tall. We may need a room 
somewhat larger than this, say 30 
by 30 ft. As noted in the text on this 
page, each switchgear room should 
be on an outside wall to facilitate 
ventilation. 

Electrical and 

Telecommunications 

Closets 

Electrical closets are described on 
page 193; no point on any floor 
should be more than 100 to 125 ft 
from a closet with internal dimen- 
sions of approximately 8 X 10 ft. 
Additionally, telecommunication 
closets, with internal dimensions of 
10 X 12 ft, should be located such 
that all points on a floor are not 
more than 300 ft from such a clos- 
et. Both types of closets should be 
aligned above one another on the 
three floors. As we begin to develop 
the floor plans, we will keep these 
requirements in mind. Given the 
rapid changes in telecommunica- 
tions services, we also make a note 
to review these assumptions at an 
early date with technical personnel 
who are familiar with the industry. 



Toilets 

Toilet facilities may be sized and 
planned with the information pro- 
vided on pages 195-197. 



PARKING 

If provision for parking is required, 
information on the preliminary 
design of parking facilities can be 
found beginning on page 331 . 



WHERE THIS BRINGS US 

In an hour or two, with this book as 
our consultant, we have made pre- 
liminary decisions in every techni- 
cal area that impacts the configura- 
tion of the building we are about to 
design: 

■ We have selected a structural 
system and assigned approximate 
sizes to its members. 

■ We are aware of the requirements 
for daylighting the building. 

■ We have made a tentative choice 
of an HVAC system and know the 
sizes and locations of its major 
components. 

■ We know the requirements for 
egress from the building, including 
the sizes of the stair enclosures. 

■ We know the number and size 
of elevators and have determined 
requirements for accessibility. 

■ We have determined the floor- 
to-floor height and the depth of the 
ceiling plenum space. 

■ We know the required compo- 
nents of the electrical and telecom- 
munications systems, their loca- 
tions, and their sizes. 

■ We have sized the toilet facilities 
and, if needed, allocated space for 
parking. 

Thus, we are ready to launch the 
process of finding a good form for 
the building, knowing that we will 
make adequate provisions for all of 
its major systems. 
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UNITS OF CONVERSION 



Inch-Pound 
(U.S. Customary Units) 


METRIC (SI) 


METRIC (SI) 


Inch-Pound 
(U.S. Customary Units) 


1 in. 


25.4 mm 


1 mm 


0.0394 in. 


1 ft 


304.8 mm 


1 m 


39.37 in. 


1 ft 


0.3048 m 


1 m 


3.281 ft 


1 lb 


0.4536 kg 


1kg 


2.205 lb 


1 


0.0929 m2 


1 m2 


10.76 ft2 


1 psi 


6.895 kPa 


1 kPa 


0.145 psi 


1 lb/ft2 


47.88 Pa 


1 Pa 


0.02089 lb/ft2 


1 lb/ft3 


16.02 kg/m3 


1 kg/m2 


0.6243 lb/ft2 


1 ft/sec 


0.3048 m/sec 


1 m/sec 


3.281 ft/sec 


1 ft/min 


0.00508 m/sec 


1 m/sec 


196.9 ft/min 


1 cfm 


0.47191/sec 


1 1/sec 


2.119 cfm 


1 cfm 


0.0004719 mVsec 


1 m^/sec 


2119 cfm 


1 BTU 


1.055 kj 


IkJ 


0.9479 BTU 


1 BTU 


0.2521 kcal 


1 kcal 


3.966 BTU 


1 BTU/h (BTUH) 


0.2931 W 


1 W 


3.412 BTU/h (BTUH) 
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Accessibility regulations, 281 
Accessible facilities, International 
Building Code, 281-285 
dwelling and sleeping units, 283-285 
elevators, 282 
means of egress, 282-283 
parking, 334-335 
toilet facilities, 196 
wheelchair spaces in assembly seat- 
ing, 290 

Accessible (barrier-free) facilities. 
National Building Code of 
Canada, 285-286 
elevators, 286 
means of egress, 286 
parking, 335 
toilet facilities, 198 
wheelchair spaces in assembly seat- 
ing, 290 

Access lanes, parking, 339, 351 
Accessory occupancies, 369-370, 371 
Active dampers, structural, 53 
Adjacent spaces, exiting through, 266 
Air conditioning systems, see Heating 
and cooling systems 
iUr handling eguipment, sizing spaces 
for, 212-213 

iUr-water induction heating and cooling 
systems, 172-173 

iUsles: 

assembly space, 287-289 
means of egress, 265 
parking, 339 

Tlmbient space illumination, and day- 
lighting, 150 

Tingled parking, 339-340 
Tlreas of refuge, see Refuge areas 
Assembly space egress, 287-289 
Atriums, 372-373 

and daylighting, 145 
Automated parking, 331 

B 

Barrier-free facilities, see Accessible 
facilities 

Base isolation, structural, 52-53 
Boiler, hydronic, 176-177, 246-247 
Boiler room, 186, 210-211 
Braced core structures, 50 
Braced frames, 39-41 

column and beam system, 44 
column and slab system, 46 
tall building, 50-51 
precast concrete, 125, 126 
wall and slab system, 42 



wood structural system, 57 
Brick Masonry, see Masonry structural 
systems 

Building codes, see Codes, building 
Building core, see Core, building 
Building massing, see Massing, building 
Building Services, see Services, building 

c 

Cast-in-place concrete, see Concrete, 
sitecast 

Ceiling, suspended, 206-209 
Ceiling height: 

and daylighting, 146, 154-155 
and distribution of services for large 
buildings, 206-208 
Central vs. local heating and cooling 
systems: 

large building, 166 
small building, 242 
Chilled water plant, 181,210-211 
Chimney, 180, 192, 204, 244, 245, 246, 
247, 255 

Codes, building, 5-17 

accessibility, see Accessible facili- 
ties 

Construction Types, 23, 376-384 
emergency bedroom and basement 
egress, 291, 292 
firefighter access, 291, 292 
height and area limitations of build- 
ings, 5, 366-367 
means of egress, 265-309 
mixed-occupancy buildings, 368- 
371 

occupancy classifications, 

International Building Code, 6-12 
occupancy classifications. National 
Building Code of Canada, 13-17 
residential one- and two-family 
and townhouse requirements. 
International Building Code, 430 
and structural system selection, 23 
tall building requirements, 291, 292 
small building requirements. 
National Building Code of 
Canada, 292 

toilet fixture requirements, 196-199 
underground building requirements, 
292 

zoning ordinances and land use 
regulations, 5 

Column and beam structural systems, 
44-45 

Column locations, parking facilities, 347, 
348, 354 



Column and slab structural systems, 
46-47 

Combustible Construction, see 
Construction Types 
Common path of egress travel. 

International Building Code, 268, 
272 

assembly space, 288, 289, 300 
Communications systems and closets: 
large building, 188, 190, 193 
small building, 259 
Compact car parking stalls, 351 
Concrete, precast, 125 

beams and girders, 130-131 
columns, 126-127 
parking structures, 348 
single and double tees, 134-135 
slabs, 132-133 
wall panels, 128-129 
Concrete, sitecast, 107 

beams and girders, 1 12-1 13 
columns, 108-109, 119, 120, 121, 
123 

joist bands, 116, 117 
one-way joists, 116-117 
one-way solid slab, 114-115 
parking structures, 348 
slab bands, 114, 115 
two-way flat plate, 118-119 
two-way flat slab, 120-121 
two-way joists, 122-123 
waffle slab, 122-123 
walls, 110-111 

Concrete masonry, see Masonry struc- 
tural systems 

Concrete structural systems, 107, 125 
tall building, 52 
and masonry structures, 79 
Constant air volume (CAV) heating and 
cooling systems, 170-171 
packaged equipment, 186-189 
Construction Types, 376-384 
^/4-Hour Combustible, 384 
^/4-Hour Noncombustible, 381 

1-Hour Combustible, 384 

1- Hour Noncombustible, 381 

2- Hour Noncombustible, 380 

3- Hour Noncombustible, 380 
Heavy Timber, 382-383 
Mill, 382-383 

Ordinary, 382 

and structural system selection, 23 
Unprotected Combustible, 384 
Unprotected Noncombustible, 382 
Wood Light Frame, 384 
Control room space requirements, 189 
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Convector heating systems: 
electric baseboard, 25 1 
hydronic, 176-177, 246-247 
Cooling towers, 181, 210-211 
Core, building, 190-192 

component checklist, 204 
in tall building structures, 39, 50-51 
Corridors, 265, 269. See also Exit access 
accessible or barrier-free, 281, 285 
dead end, 271 

and distance between exits, 267 
exterior. National Building Code of 
Canada, 270 
sizing: 

International Building Code, 
300-303 

National Building Code of 
Canada, 306- 09 

small building. National Building 
Code of Canada, 292 
and travel distance, 268 

D 

Damping mechanisms, structural, 52-53 
Daylighting design, 140 

building interior configuration, 146 
building siting and shape, 144-145 
and design development, 145 
and energy conservation, 147 
illuminance levels, recommended, 
150 

path of the sun, 142 
sidelighting, 145, 151-153 
and solar heating, 147 
sizing systems, 152-156 
sky cover, 142 
sky dome obstruction, 143 
toplighting, 145, 154-155 
Dead end corridors, 271 
Design development of buildings: 
and accessibility regulations, 281 
and building codes and zoning ordi- 
nances, 5 

and day lighting, 145 
and tall building structures, 48 
Diagrid structures, 51 
Diffusers for heating and cooling sys- 
tems, 209 
Direct exit, 274 
Direct vent space heaters, 254 
Distance between exits, 267 
Distribution of means of egress, 266, 
272, 298 

Doors, means of egress, 271 
exit stairway, 274-275 
revolving, 280 
width: 

International Building Code, 
300-303 

National Building Code of 
Canada, 306-300 

Double-threaded helix parking struc- 
tures, 343-344 
sizing, 356-357 



Ductwork: 

air-water induction system, 172-173 
and central heating and cooling sys- 
tems, 166, 242 

constant air volume system, 170-171 
and daylighting, 146 
and fan rooms, 185 
horizontal distribution, 205-209 
sizing, 212-213 

small building active solar system, 
248 

small building forced air system, 
243-245 

small building packaged evapora- 
tive cooler, 249 

variable air volume system, 168-169 
vertical distribution, 190-192 

E 

Earthquake design, see Lateral stability, 
structural 

Egress, see Means of egress 
Electrical closets, 193, 259 
Electrical systems: 

large building, 182-184, 193, 206- 
209 

small building, 259 
Electric baseboard convectors, 251 
Electric fan-forced unit heaters, 252 
Electric heating, see Heating, electric 
Elevators, 201-203 

accessible or barrier-free, 282-283, 
286 

firefighter service, 291, 293 
means of egress, 274, 291 
occupant evacuation, 291 
parking facility, 346 
Elevator lobbies, 201 
area of refuge, 283 
fire service and occupant evacua- 
tion, 291 

and underground building smoke 
compartments, 292 
Emergency electrical power, 184 
Emergency escape doors and windows, 
291, 292 

Enclosed parking structures, 331. See 
also Parking 
ventilation, 345 
Energy conservation: 
and daylighting, 147 
and passive heating and cooling 
design, 217 

selection of large building heating 
and cooling systems, 160 
selection of small building heating 
and cooling systems, 237 
Equipment spaces for large buildings, 
180-189 
Escalators, 203 

and means of egress, 274 
Evaporative cooling: 
packaged, 249 
passive, 231-232 



Exhaust fans, 184 

and air-water induction systems, 172 
Exits, 265, 272-279 

assembly occupancy, 287 
distance between, 267 
direct, 274 

emergency egress doors and win- 
dows, 291, 292 
exterior, 277 
high-rise building, 291 
horizontal, 278 
number required: 

International Building Code, 272 
National Building Code of 
Canada, 273 
passageways, 279 
sizing, 297-298 
stairways, see Exit stairways 
width: 

International Building Code, 
300-303 

National Building Code of 
Canada, 306-309 
Exit access, 265, 266-271 

assembly occupancy, 287-289 
common path of egress travel, 268 
corridors, 269 
distance between exits, 267 
distribution, 266, 272, 298 
doors, 271 
exterior, 270 
number required: 

International Building Code, 300 
International Building Code, 306 
travel distance, 267-268 
width: 

International Building Code, 
300-303 

National Building Code of 
Canada, 306-309 
Exit discharge, 265, 280 

Lobbies and vestibules, 280 
Exit passageways, 279 
Exit stairways, 274-277 
accessible, 282-283 
and areas of refuge, 283 
assembly seating, 288-289 
curved stairs, 313 
design tables, see Exit stairway 
design tables 

enclosure requirements, 274-275 

exterior, 277 

proportioning, 312 

smokeproof, 276-277 

spiral stairs, 314 

and travel distance, 268 

width: 

International Building Code, 
300-303 

National Building Code of 
Canada, 306-309 
winding stairs, 313 
Exit stairway design tables, 315 
1 -flight stair, 316-317 
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2 - flight stair, 318-319 

3- flight stair, 320-32 1 

4- flight stair, 322-323 
donut stair, 324-325 

Exposed vs. concealed building ser- 
vices, 209 

and daylighting, 146 
Exterior corridors, 270 
Exterior exit stairs, 277 
Exterior wall fire-resistance require- 
ments, 374-375 

F 

Fans, exhaust, see Exhaust fans 
Fan-coil terminals, 174 

in air-water induction systems, 173 
Fan-forced unit heaters, electric, 252 
Fan rooms, 184-186, 194 

and the building core, 192 
sizing, 212-213 

Fire areas and fire compartments, 374 
Fire escapes, 277 
Fire extinguishers, 200 
Firefighter access: 

International Building Code, 291 
National Building Code of Canada, 
292 

Fire-resistance ratings, see Construction 
Types 

Fire sprinklers: 

building code height and area limi- 
tations, 366-367 
International Building Code 
tables, 386 

National Building Code of Canada 
tables, 442 

building code requirements, other, 
374 

and fire areas and compartments, 
374 

and floor openings, atriums, and 
interconnected floor spaces, 
372-373 

and means of egress, see Fire sprin- 
klers and means of egress 
piping, within ceiling/floor assem- 
bly, 205, 208 
pumps, 189 

reduction in 1-Hour Noncombustible 
Construction, International 
Building Code, 376 
residential class (NFPA 13R, 13D), 
258 

in height and area tables, 416- 
417, 426-433 
Siamese connection, 200 
small building, 258 
standpipes, 200 

Fire sprinklers and means of egress: 
accessible or barrier-free egress: 
International Building Code, 283 
National Building Code of 
Canada, 286 



assembly area egress travel, 288- 
289 

corridors, 269 

dimensional requirements of egress 
system components: 

International Building Code, 
300-301 

National Building Code of 
Canada, 306-307 
distance between exits, 267 
emergency escape doors and win- 
dows: 

International Building Code, 291 
National Building Code of 
Canada, 292 

lobbies and vestibules. International 
Building Code, 280 
single exit buildings and floors, 
272-273 

smokeproof enclosures, 276 
unenclosed exit stairs. International 
Building Code, 275 
Fire walls, 375 

Floor openings, code requirements, 

372 

Forced air heating and cooling: 

large building constant air volume 
heating, 168-173 
small building forced air heating, 
243-245 

Fuels for heating and cooling systems: 
large building, 166-167 
small building, 242 
Furnace: 

large building constant air volume 
heating system, 171 
small building forced air heating 
system, 243-245 
small building wall furnace, 254 



Gas service, large buildings, 166-167 
boiler fuel, 180 
chiller fuel, 181 

standby power generator fuel, 184 
packaged equipment fuel, 186 

Gas service, small buildings, 258 
heating fuel, 242 
heating stoves, 255 
meters, 256 
storage, 242 
water heaters, 256 

Grilles, for heating and cooling systems, 
208 

H 

Handicapped access, see Accessible 
facilities 

Heaters, fan-forced unit, 252 

Heating, electric, 242 

baseboard convectors, 251 
fan forced unit heaters, 252 
radiant heating, 253 

Heating, solar, see Solar heating 



Heating and cooling systems, large 
building, 160-167 

air and water systems, 167, 172-173 
all-air systems, 167, 168-171 
all-water systems, 167, 174-177 
central systems, 166, 168-177 
selection criteria and typical choic- 
es, 160-165 
fuels, 166-167 
local systems, 166, 178 
means of distribution, 167 
sizing spaces for, 210-213 
zoning, 166 

Heating and cooling systems, small 
building, 235-242 
central systems, 242, 243-248 
fuels, 242 

local systems, 242, 249-255 
selection criteria, 237-241 
Heating and cooling systems, passive, 

217-221 

design strategies, 217-218 
evaporative cooling, 231-232 
natural ventilation cooling, 225-227 
thermal mass cooling, 228-230 
selection, 219-221 
solar heating, 222-224 
Heating stoves, 255 
Heat pump furnace, 244-245 
closed loop, 175 

Heavy Timber Construction, 57, 66-77 
building code Construction Type, 

382-383 

and masonry construction, 79 
selecting lateral stability systems, 41 
Height and area of buildings, building 
code limitations, 5, 366-367 
fire walls, 375 
Height and Area Tables: 

International Building Code, 

386-441 

National Building Code of 
Canada, 442-471 

mixed-occupancy buildings, 368- 
371 

selection of structural systems, 23 
structured parking, 344-345 
High buildings, see Tall buildings 
High-rise buildings, see Tall buildings: 
Horizontal distribution, of services for 
large buildings, 205-209 
Horizontal exits, 278 
Hose cabinet, 200 

Hot water heating, see Hydronic heating 
and convectors 

Hydronic heating and convectors, 176- 
177, 246-247 

I 

Illuminance, recommended levels, 150 483 

Illumination, daylight, see Daylighting 
systems 

Impervious area, surface parking, 34 1 
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Induction heating and cooling systems: 
air-water, 172-173 
variable air volume, 169 
Interconnected floor spaces, 372-373 
Interior configuration of buildings: 
building cores, 190-193 
with day lighting, 146, 151-152, 154 
horizontal distribution of building 
services, 205-209 
lateral stability systems, 39-40 
with passive heating and cooling 
design, 217-218, 222-232 
vertical load resisting systems, 42-47 
Institutional care facility occupancies. 
International Building Code, 12 



Janitor closets, 195 

and planning the building core, 190 
and exhaust fans, 184 

L 

Landscaping, surface parking, 341 
and sustainability, 341-342 
Land use, and parking, see Parking 
Land use regulations, 5 
Lateral stability, structural, 39-41 
column and beam system, 44 
column and slab system, 46 
and damping mechanisms for tall 
buildings, 52-53 
tall building, 49-5 1 
masonry wall, 79, 82 
precast concrete, 125, 126, 128 
sitecast concrete wall, 110 
steel system, 96, 102 
wall and slab system, 42 
wood system, 67 

Level of service, parking facilities, 
332-333 

Light shelves, 151 
Live load ranges: 

and building occupancies, 32 
and structural systems, 33 
Loading docks, 186 

Lobbies, elevator, see Elevator lobbies 
Lobbies, exiting through, 280 

as a component of the egress system 
265 

as part of corridor egress, 269 
Louvers, air handling system, 185-186 
sizing, 212-213 

M 

Mail facilities, large building, 194 
Maintenance office, large building 
space requirements, 189 
Major equipment spaces for large build- 
ings, 180-189 

484 Masonry structural systems, 79 
brick masonry arches, 85 
brick masonry columns, 80-81 
brick masonry lintels, 84 



brick masonry walls, 82-83 
concrete masonry columns, 86-87 
concrete masonry lintels, 90 
concrete masonry walls, 88-89 
and concrete construction, 79 
and steel construction, 79 
and wood construction, 79 

Massing, building: 

building code height and area limi- 
tations, 366-367 

building core, planning and locat- 
ing, 190-192 

and daylighting, 144-145 
and depth of floor/ceiling assembly, 
208 

tall building, 48-5 1 
and lateral stability systems, 40 
parking structure, 347-348 
and passive heating and cooling 
design, 217 

and vertical load resisting systems, 
42-47 

Means of egress, 265 

accessible or barrier-free, 282-283, 
286 

assembly space, 287-289 
components, 266-280 
distribution, 266, 272, 298 
emergency egress doors and win- 
dows, 291, 292 

high-rise or tall building, 291, 
292-293 

elevator, accessible or barrier-free, 
282-283, 286 

elevator, occupant evacuation, 29 1 
sizing, 297-298 

International Building Code, 
299-303 

National Building Code of 
Canada, 305-309 
small building. National Building 
Code of Canada, 292 
and sprinkler requirements, see 
Sprinkler systems and means of 
egress requirements 
stairway and ramp design, 312-315 
exit stairway design tables, 
316-325 

Mechanical systems, large building, see 
Heating and cooling systems, 
large building 

Mechanical systems, small building, see 
Heating and cooling systems, 
small building 

Mezzanines and floor openings, 372-373 

Mill Construction, 57, 79, 382-383 

selection of lateral stability systems, 
41 

Mixed-occupancy buildings, building 
code requirements, 368-371 
design with structured parking, 347 

Model building codes, 5 

Multi-bay parking structures, 344-345 
sizing, 360-361 



N 

Natural illumination, see Daylighting 
design 

90-degree parking, 340 

Noncombustible Construction, see 
Construction Types 

o 

Occupancy classifications, building 
code: 

height and area table indexes, 
366-367 

International Building Code, 6-12 
National Building Code of Canada, 
13-17 

Occupant load, and means of egress, 
297 

International Building Code, 299 
National Building Code of Canada, 
305 

One-way parking facility traffic flow, 
339-340 

with double-threaded helix circula- 
tion, 343, 357 

with multi-bay parking, 361 
with surface parking, 352, 353 

Open exit stairs. International Building 
Code, 265 

and travel distance, 268, 274-275 

Open parking structures, 331. See also 
Parking 

exit stairways, 275 
structural system selection, 348 
ventilation, 345 

Ordinary Construction, 57, 79, 382 

Overhangs, exterior: 

and day lighting, 147, 151 
and passive heating and cooling 
design, 218, 222 



Packaged central heating and cooling 
equipment, 186-187, 245 
sizing, 210-211 

Packaged evaporative cooler, 249 
Packaged terminal heating and cooling 
units, 178, 250 
Parking: 

accessible or barrier-free, 334-335 
capacity, 332 

circulation basics, 339-340 
enclosed, 331, 345 
facility types, 331 
and land use, 331, 332, 341-342 
levels of service, 332-333 
mixed-occupancy buildings, special 
code exceptions: 

International Building Code, 370 
National Building Code of 
Canada, 371 
open, 331, 345, 348 
pedestrian circulation, within struc- 
tured facilities, 345-346 
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sizing of facilities, 351-361 
stall sizes, 351 
structural systems, 347-348 
structured parking design, 343-346 
structured parking height and area 
limits: 

International Building Code, 
436-439 

National Building Code of 
Canada, 468-471 
surface parking design, 341-342 
sustainability, 331, 341-342 
Passive heating and cooling, see 

Heating and cooling systems, 
passive 

Path of the sun, 142 

Pervious paving, parking, 341, 342 

Pipe risers, 194 

Plumbing systems, small building, 
256-258 
Plumbing walls: 

large building, 190, 195 
small building, 256-257 
Posttensioning, sitecast concrete, 107 
beams and girders, 1 13 
one-way joists, 117 
one-way solid slab, 115 
two-way flat plate, 119 
two-way flat slab, 121 
waffle slab, 123 

Precast concrete, see Concrete, precast 

R 

Radiant heating, electric, 253 
Radiant heating, hydronic, 247 
Raised access floor, 206-207 
Ramps, 312 

accessible or barrier-free: 

International Building Code, 281, 
282, 283 

National Building Code of 
Canada, 285, 286 
egress, 265 
exit discharge, 280 
width, per occupant load: 

International Building Code, 302 
National Building Code of 
Canada, 308 

parking, see Ramps, parking 
Ramps, parking, 351 

accessible or barrier free, 334, 335 
double-threaded helix, 343 
express ramps, in multi-bay facili- 
ties, 344 

single-threaded helix, 343 
speed ramps, in split level facilities, 
343 

References, bibliographic, 479-480 
Refuge areas, means of egress, 278 

accessible and barrier-free, 283, 286 
Reflecting surfaces, and daylighting: 
and recommended illuminance lev- 
els, 150 

with sidelighting, 152 



with toplighting, 154 
Residential buildings: 

one- and two-family residences 
and townhouses. International 
Building Code, 430-431 
small buildings. National Building 
Code of Canada, 292 
sprinkler systems, 258 
Residential care occupancies. 

International Building Code, 12 
Rigid core structures, 50 
Rigid frames, 39-41 

column and beam system, 44 
column and slab system, 46 
high-rise structural system, 50-5 1 
wall and slab system, 42 
Risers, pipe, 194 
Roof monitors, 154, 155 

s 

Services, building: 

large building horizontal distribu- 
tion, 205-209 

large building vertical distribution, 
190-192, 204 
small building, 256-259 
Sewage disposal, small building, 256 
Sewage ejector pit, 188 
Shafts, 190-191, 192 

fire-resistance rating requirements, 
376-379 

Shear walls, 39-41 

column and beam system, 44 
column and slab system, 46 
tall building, 50, 51 
sitecast concrete, 110 
wall and slab system, 42 
wood structural system, 57 
Siamese connection, 200 
Sidelighting, daylighting, 145, 151-153 
sizing, 152-153 
and solar heating, 147 
and toplighting combined, 154 
Sills, reflective, daylighting, 152 
Single means of egress. See also Means 
of egress, distribution 
International Building Code, 300 
common path of egress travel 
(from a room or space), 268 
and corridor protection, 269 
from a floor or building, 272 
National Building Code of Canada, 
306 

from a floor or building, 273 
from a room or space, 268 
residential occupancies, 266 
Single-threaded helix parking struc- 
tures, 343-344 
sizing, 354-355 

Sitecast concrete, see Concrete, sitecast 
Sizing building systems: 

daylighting components, 152-155 
equipment and service spaces: 
large building, 180-189 



small building, 256-259 
heating and cooling system compo- 
nents: 

large building, 210-213 
passive system, 222-232 
small building, 242-255 
parking facilities, 351-361 
structural system components, 

57-135 

Sky cover, and daylighting, 141 
Sky dome obstruction, and daylighting, 

143 

Skylights, 145, 254-155 
Slenderness, tall building, 51 
Small car parking stalls, 351 
Smoke control: 

accessible area of refuge, 283 
assembly space. International 
Building Code, 287 
elevator, accessible or barrier-free: 
International Building Code, 283 
National Building Code, 286 
elevator lobby, 201 
floor opening: 

International Building Code, 

372-373 

National Building Code, 373 
horizontal refuge area, 278 
separated occupancy, 368 
service core, 190 
smokeproof exit stair, 276-277 
tall building: 

International Building Code, 291 
National Building Code of 
Canada, 293 

underground building. International 
Building Code, 292 
Solar heating: 
active, 248 
and daylighting, 147 
passive, 222-224 

Span ranges for structural systems, 31 
Split level parking structures, 344-345 
sizing, 358-359 

Sprinkler systems, see Fire sprinklers 
Stairways, see Exit stairways 
Standby electrical power, 184 
Standpipes, 200 
Steel structural systems, 91 

beams and girders, 102-103 
columns, 96-97 

decking, floor and roof, 100-101 
lightweight floor joists, 94-95 
lightweight wall studs, 92-93 
open-web joists, 104 
parking structures, 348 
single-story rigid frames, 105 
tall building, 52 
trusses, 106 

structural hollow tube steel columns, 

98-99 485 

Stormwater retention, surface parking, 

341-342 

Stoves, see Heating stoves 
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structural systems: 

basic configurations, 42-47 
building code selection criteria, 23 
daylighting considerations, 146 
design criteria, 24-29 
lateral stability, 39-41 
live load ranges, 32-33 
parking facility, 347-348 
practical spans, 31 
sizing, 57-135 
tall building, 48-53 
typical choices for various building 
types, 34-35 

Structured parking, see Parking 
Sun, path of, 142 
Surface parking, see Parking 
Suspended ceiling, 206-209 
Sustainability: 

daylight design, 140 
energy conservation: 
daylighting, 147 
heating and cooling systems, 
large building, 150, 162 
heating and cooling systems, pas- 
sive, 217 

heating and cooling systems, 
small buildings, 237-238, 240 
parking land consumption, 33 1 , 

332 

surface parking design, 341-342 
Switchgear, electrical, 182-183 

T 

Tall buildings: 

building code requirements, 291, 
292-293 

height limits, practical, 51 
service cores, 190-192 
structural systems, 48-53 
Task illumination, and daylighting, 150 



Telecommunications rooms and closets: 
large building, 188, 193 
small building, 259 
Through-the-wall heating and cooling 
units, 178, 250 

Timber, see Wood structural systems 
Toilet facilities, 195 

accessible, 196, 198, 281 
building code requirements, 
196-199 

Toplighting, daylighting, 153-155 
Transformers and vaults, electrical, 
182-183 

Travel distance, means of egress, 
267-268 

Tube structures, 51 
Tuned mass dampers, structural, 53 
Two-way traffic flow, parking facility, 
340 

with single-threaded helix circula- 
tion, 343 

with split level circulation, 343 
with surface parking, 34 1 



U 

Underground buildings. International 
Building Code, 292 
Units of conversion, 477 

V 

Variable air volume (VAV) heating and 
cooling systems, 168-169 
Ventilation, parking facility, 331 
open parking requirements, 345 
Vertical clearance, parking facilities, 
351 

Vertical distribution of services, large 
building, 190-192 
Vestibules, exiting through, 280 
Viscous dampers, structural, 52-53 



W 

Wall furnaces, 254 

Wall and slab structural systems, 42-43 

Waste compactors, 188 

Waste piping, small building, 256-257 

Water pumps: 

large building, 189 
small building, 256 

Water quality, and surface parking, 
341-342 

Water supply, small building, 256 

Wheelchair access, see Accessible 
facilities 

Windows, for emergency escape, 291, 
292 

Window height and area, and daylight- 
ing, 151-153 

Wood Light Frame Construction, see 

Construction Types, Wood Light 
Frame 

Wood structural systems, 57 
beams, 70-71 
columns, 66-67 
decking, 68-69 
floor joists, 60-61 
glue laminated arches, 76-77 
glue laminated beams, 72-73 
Heavy Timber Construction, 57 
Mill Construction, 57, 79, 382-383 
Ordinary Construction, 57, 79, 382 
Platform Frame Construction, 57, 384 
roof rafters, 62-63 
stud walls, 58-59 
trusses — heavy, 74-75 
trusses — light, 64-65 

Workroom space requirements, large 
building, 189 

Z 

Zoning ordinances, 5 
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